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ABSTRACT 
The reproduct iv e biology and denning ecology of black bears 
were studied in the Great Smoky Mountains National Park and 
Chero kee National Forest . The majority of information was 
collected from 36 radio-instrumented females monitored from June 
1980 to May 1982. 
Females entered dens from 21 Nov ember to 16 January (x=20 
December, n=38), and emerged from 18 March to 4 May (x=10 April, 
n=41), for an av erage denning period of 113 days. Females with 
newborn cubs denned significantly longer (P< 0.001) than other 
females. Tree denning females emerged later and remained in dens 
longer than others. 
Twenty-five ground dens and 33 tree dens were examined. 
Significant differences (P< 0 . 005) in den utilization were 
observed between winters , with more tree dens being utilized 
during the winter of 1980-81 (79 . 3%) than in the winter of 1981-82 
(34 . 5%). 
Females in estrus were captured from 22 June to 12 July (n=5) 
and 5 August to 18 August (n=3). Serum estradiol-178 
concentrations in females displaying prominent signs of estrus (x= 
92.3 pg/ml) were signifi cantly higher (P< 0. 001) than in females 
showing no signs of estrus (x=51 . 31). Serum estradiol 
concentrations appeared to be a more reliable indicator of estrus 
than vagi nal smears. 
The av erage age at first litter was 5 . 2 years , and the 
av erage i nterval between successful litters was 2 . 15 years, with 
iv 
t h e  major i ty ( 11 o f  13 ) o f  female s re prod u c i n g i n  altern a te years. 
Food  ava i la b i l i ty ,  p a rt i c ularly t h a t  of h ard m a s t  i n  t h e  fall, 
i n fluen ced ma ny re p r oduc t i v e  parameter s , i n clud i n g m i n i mu m  
re produ c t i ve  a g e , produ c t i v i ty ,  a n d  c ub  s urv i val .  Wh i te oa k m a s t  
a v a i lab i l i ty demo n s tra ted t h e  s t  l i n e ar rela tio n s h i p ( R2=0 . 86 ,  
P<0.0 7 2 2 )  t o  t h e  perce n t a g e  o f  female s w i t h  n ewborn c u b s  in w i n ter 
den s .  
L i tter s i z e s  o f  newborn c u b s  ra n g ed from 1 t o  4 ( x= 2 . 58 ,  
n=19 ) ;  a major i ty o f  l i t ters ( n=16 ) c o n t a i n ed 2 or 3 c ub s . The 
a v e r a g e  we i g h t  o f  35 newborn c u b s  exam i n ed from 28 Febru ary to  19 
Marc h 1982 wa s 1 . 82 kg. Cub s  o f  larger l i tters  we i ghed 
s i g n i f i can tly le s s  ( P<O . OOOl ) t h a n  c u b s  of s maller l i tters . The  
s e x  ra t i o of  li tters o f  n ewborn cubs  a n d  ye arl i n g s  wa s 45 : 5 5 ( 18 
male s, 22 female s )  a nd 5 0 : 5 0  ( 6  male s , 6 female s ) , re s pe c t i v ely. 
We i g h t s  o f  adult female s v ar i ed by s e a s o n  a nd by re product i v e 
s t a t u s .  Lac t a t i ng female s dro p ped  from a n  a v erage we i g h t  o f  77.4 
kg i n  w i n ter de n s  to  49.1 kg i n  J u n e . Al s o , f emale s w i t h  n ewborn 
c u b s  i n  w i n ter  den s w e i g h ed a n  a verage  of 3 1 . 0 kg h e a v i er t h a n  
t h ey d i d  a s  female s w i th y earl i n g s  i n  w i n ter  de n s .  
v 
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The reproductive biology and denning ecology of black bears 
(Ursus americanus) are specialized and unique aspects of the 
natural history of the species . Knowledge of these 2 aspects and 
their controlling factors is indispensible to the wildlife manager 
charged with the responsibility of managing bears for a sustained 
harvest. 
Studies on the reproductive ecology of black bears in the 
Southern Appalachians were begun in 1978 (Eiler 1981). The 
present study represents a continuation of those efforts. The 
black bear has a long reproductive cycle and relatively long life 
expectancy. Therefore, effective monitoring of the productivity 
of a population and the factors that affect productivity requires 
study over several years (LeCount 1982) . In addition, the 
extensive utilization of tree dens by black bears in the Southern 
Appalachian Region (Pelton et al. 1980, Johnson and Pelton 1981, 
Eiler 1981:23) presents unique problems in assessing natality 
(Eiler 1981:70) . 
Eiler (1981) established baseline data on basic reproductive 
parameters such as breeding season, litter size, reproductive 
cycle, and minimum reproductive age. He also developed a 
technique for estimating the litter size of newborn cubs in tree 
dens by tape recording vocalizations of cubs (Eiler 1981:14). 
1 
O n e  o f  t he  obje c t i v e s  of  the  p r e s e n t  study wa s to col l ec t  
data o n  re p rod u c t i v e oa ramet e r s  a l re ady addre ssed by E i l e r ( 1981 ) . 
T h e s e  data were  compa red to ob s erv at i o n s  by Ei l e r  ( 1981) to 
d e l i n eate  tre n d s  i n  v a r i o u s  r e produc t i v e  p aram e t e r s  of b l a c k  
bea r s . An add i t i on a l  object i v e wa s to determin e  f a c tors t h a t  mos t  
a f  p rodu c t i v i ty o f  bea r s . 
2 
CHAPT ER II 
LITERATU R E  R EVIEW 
Earl y in formation o n  the  reproduction  a n d  d e n ni n g  o f  b l ack 
bear s was  a r e s u l t  o f  obs erva tion s  o f  captive individu a l s (Baker 
1904) , a nd  i n cid e n t a l  ob serva tion s  in the  fie l d  (Al d o u s  1 9 3 7 , 
Mor s e  1 937, Smith  1 9 46 ). Later , more i n te n sive studi e s  re l ied  o n  
t h e  exami n a tion  o f  reproductive tracts  o f  h u nt er ki l l ed or 
sacrificed bear s  (Wimsatt  1 9 6 3 , Ericks o n  a n d  N e l l or 1964 , Poe l ker 
a n d  H artwe l l 1 9 7 3 , Co l l i n s  1 9 7 3, Kordek a n d  Lin dzey 1 980, Lindzey 
a n d  Me s l ow 1 980 ) . The  dev e l opme n t  o f  radio t e l emetry i n  rece n t  
years  h a s  a l l owed researcher s  to  s tudy reproduction direc t l y by 
l oc a ting  win ter de n s  (Rogers 1 9 7 7 , Reyn o l ds a n d  Beecham  1 980 , 
Ei l er 1 98 1, A l t 1 982 , LeCou n t  1 982 ) . 
The  reprod u c tive cyc l e o f  b l a ck bear s  i s  2 year s  i n  l en g t h  
wit h  fema l e s  bre edin g  in  a l ternate  years  ( Ra u s c h  1 9 6 1 ) .  However , 
if  a fema l e l o s e s  a l itter before the  start o f  the  breeding  
sea s o n, she  may succe s s f u l l y  breed  agai n  (Baker 1904 ) , i n dicati n g  
t h a t  the  n ur si n g  stimu l u s probab l y  i nhibi t s  ovu l ation  (Erick s o n  
a n d  N e l l or 1964).  S ome rec e n t  evide n c e  has  been  pre s e n ted  i n  
which  fema l e b l ack bears  have succ e s s fu l l y  bred whi l e rai si n g  c ub s  
(Al t 1 98 1, LeCou n t  1 983 ), but  this i s  s u spected t o  b e  a rare 
occurrence . The breeding  season  g e n era l l y  occurs  in  J u n e  or J u l y  
( Erickson  a nd  Ne l l or 1 964),  b u t  may vary thro ughout  the  species• 
range  (Wim s att  1 9 6 3, Jonke l a nd  Cowa n 1 971, Poe l ker and  Hartwe l l  
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1 973 , Rose r s  1 977 : 83 ,  Reyn old s a n d  Bee c h a m  1 98 0 ,  E i le r  1 98 1:4 1 ) . 
Bla c k  be a r s  a re de sc r i bed a s  h a v i n g a s e a s o n ally c o n s t a n t  e s t rus , 
w i t h  o v ula t i o n  i nduc e d  by c o p ula t i on  ( i c k s o n  a nd Nello r 1 9 64 ) . 
Followin g  f e rt i l i zat i o n o f  the  o v um , t he  bla s tocy s t  u n de rgoe s 
a p e r i od o f  delayed i mpla n ta t i o n  ( W i m s a tt  1 9 63 ) . Impla n t a tio n 
a p p a r e n tly o c c u r s  i n  late N o v embe r or e a rly Dece mbe r  a n d  i s  
co i n c i de n t  w i th a ma r ked ele v a t i o n  i n  pla s m a  p roge ste ro n e  le vels 
( Fo re sman  a n d  Da n i el 1 983 ) . App r o x i mately 6-8  wee ks  o f  
po s t - i mpla n t a t i o n  developme n t  o c c u r s  b e fo re p a rtur i t i o n  ( W i m s a tt 
1 9 6 3 ) , wh i c h g e n e rally t a ke s  pla c e  i n  Ja n ua ry o r  F e b r u a ry ( Asdell 
1 946 ) . The  a v e r a g e  pa rtur i t i on date  f o r  20 l i t t e r s  i n  
Pe n n sylv a n i a  wa s 1 4  Janua ry ( Alt 1 982 ) . 
Two o r  3 cubs i s  t he  mo s t  c ommo n  l i tter  s i ze,  but l i t t e r s  
c o n ta i n i n g 1 t o  6 c u b s  h a v e  be e n  reported  ( Rowa n 1 9 45 , 1 9 47 , M a t s o n  
1 9 5 2 ) . At b i rt h , c u b s  g e n e r ally we i g h  9 to  1 2  o z . a n d  a re i n  a n  
altr i c i al s t a t e  ( Ba ke r  1 9 04 ) , but dev elo p ra p i dly du r i ng the  f i r s t  
2 o r  3 mo n t h s o f  l i f e . Female s a n d  th e i r cub s eme rge  f rom dens i n  
Ap r i l  o r  �ay ( Jo n kel a n d  Cowa n 1 97 1 , Ro g e r s  1 974 , T i etje a n d  R u f f  
1 980 , E i le r  1 981:2 1 ) . Cub s rema i n  w i t h  the  m o t h e r  th roug h o u t  t h e  
summe r  a n d  fall a n d  e n te r  de n s  w i t h  t h e  moth e r  the  fol l ow i n g 
w i n t e r  a s  y e a rl i n g s .  Follow i n g d e n  emerge n c e , fam i ly brea kup 
o c c u r s , a ppa re n tly i n i t i a ted by a c t i o n s o f  the  a dult female 
( Ro g e r s  1 977:77 ) .  
N u t r i t i o n ha s b e e n  sug g e s te d  by s e v e ral i n vest i g a t o rs a s  the  
mo s t  i mporta n t  f a c t o r  l i m i t i n g blac k bear  p ro d u c t i v i ty ( J o n kel a n d  
Cowan 1 97 1, Ro g e r s  1 976, Beecham 1 980a ).  Ot h e r  factors i mpli cated  
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to a f fect t h e  r e p rod uct i on of  b l ack b e a r s  h a v e  i nc l uded g e n e t i c  
factors  (Rog e r s  1 980 ) , a nd d e n s i ty factors  ( Beeman  1 9 75 : 1 65 ) . 
D e n n i n g a s  i t  re l a t e s  to r e p rod uct i on i s  i mport a n t  to a tot a l  
u n d e r s�a nd i n g of  t h e  r e p roduct i v e eco l ogy o f  b l ack b e a r s . T h e  
s e tt i n g o f  h u n t i n g s e a son s b a s e d  on know l e d g e  of  t h e  chrono l ogy of 
d e n  e n try and e me r g e nce by b e a r s  may e ffect i v e l y  p rotect t h e  
breed i n g fema l e  s e gme nt  of b e a r  popu l a t i on s  ( Troy e r  1 9 6 1 , Joh n son 
and P e l ton 1 9 7 9 , L i n dzey  1 98 1 ) .  
T he  sout h e a s t e r n  U n i ted  State s i s  u n i q u e i n  that  b l ack b e a r s  
e x t e n s i v e l y  u t i l i z e  t re e  cav i t i e s h i g h  a bove  g rou n d . T h e  u s e  of 
t r e e  d e ns h a s  b e e n  reported i n  the mou n ta i n o u s  reg i on s  of  the  
south e a s t  ( Le n t z  et  a l . 1 981 , P e l to1 e t  a l . 1 980, John son a nd  
P e l ton  1 98 1 ) ,  a s  we l l a s  i n  t he  r i v e r  bot tom s o f  Arka n s a s  ( T .  
S m i th,  p e r s . comm . )  a nd  Lou i s i a n a  ( Tay l or 1 9 7 1 ) . H am i l ton a nd 
Ma rch i n ton ( 1 980 ) r ecorded a s i n g l e i n s t a nce of  b l ack b e a r s  u s i n g  
a t r e e  d e n  i n  t coa sta l p l a i n  of North  C a ro l i na ,  a l t hou g h  t h e  
u s u a l  d e n  typ e  wa s a 1 1 C a ro l i n a bay1 1• O t h e r  occa s i on a l  i n s ta nce s o f  
b e a r s  d e n n ed i n  t r e e s  h a v e  b e e n  r e ported i n  M i ch i g a n  ( Sw i tz e n be rg 
1 955) , Wa s h i n g ton  ( L i ndzey a nd Me s l ow 1 97 6 ) ,  a n d  P e n n sy l v a n i a  (G . 
A l t, p e r s . comm . ) .  
T h e  d e n n i n g  pe r i od of b l ac k  b ear s i n  t h e  Sou t h e r n  App a l ach i a n 
R e g i on may ext e n d  f rom l a te  Novembe r  to e a r l y  May ( Joh n son  a n d  
P e l ton  1 980 a , E i l e r 1 98 1 : 1 9 )  a n d  t h e  b i r t h  o f  c u b s  occu r s  d ur i ng 
t h i s t i me .  Adequate  av a i l ab i l ity of de n s  m ay i mporta n t  to the  
s u rv i va l  a nd r e p rod uctive s ucce s s  of b l ack  a r s . Tree  de n s  may 
be s u p e r i or to g round  den s  i n  t h e  S o u t h e rn App a l ach i a n R egion due  
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to their relative dryness and security from disturbance (Eiler 
1981:72, Johnson and Pelton 1981). 
6 
CHAPTER I I I  
STUDY AREA 
The study was conducted in the Great Smoky Mountains National 
Park (GSMNP) and adjacent Cherokee National Forest (CNF) . Field 
work was primarily conducted in the northwestern quadrant of the 
GSMNP and the Tellico Ranger District of the CNF, comprising 994 
km2 and located between 35°2 01 and 35°471 N latitude and 83°051 
and 84°201W longitude. Four major sections are recognized in the 
study area : 1) Sugarlands/Elkmont section (Sugarlands), 2) Bote 
Mtn . /Defeat Ridge/ Tremont section ( Bote Mtn . ), 3) Parsons Branch 
Road/Bunker Hill sect i on (PBR), and 4) Tellico Ranger District of 
the CNF (designated as Cow Camp Ridge; Fig. 1). 
The Great Smoky Mountains and Unicoi Mountains occur in the 
Unaka Range of the Blue Ridge Province of the southern division of 
the Appalachian Highlands (Fennemans 1938) . The main ridge lies 
in a northeast-southwest direction and forms the Tennessee-North 
Carolina border along much of its length . The area is 
characterized by steep, mountainous slopes, with elevations 
ranging from 230 to 2 , 02 4  m .  
The climate of the area has been classified as mesothermal 
perhumid (warm- temperate rain forest) (Thornthwaite 1948) and 
elevational gradients in temperature and precipitation occur 
(Shanks 1954a ,  Stephens 1969) . Average annual temperature ranges 
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Figure 1. Map of the study area, the northwestern quadrant of the Great Smoky Mountains National Park 
and the Tellico Ranger District of the Cherokee National Forest. 
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1 , 9 0 0  m .  The  l owe s t  a nd  h i g  s t  temp e r a t u r e s  occu r i n  F ebrua ry 
a n d  Jul y ,  re s p ect i v e l y  ( S t e p he n s  1969 ) .  Av e rage  a n n u a l  
p r ec i p i tat i o n r a n g e s  f rom 140 em at  l owe r e l e v at i o n s  t o  2 2 0  em a t  
h i g h e r  e l e v a t i o n s  ( Steph e n s  19 6 9 ) .  P rec i p i ta t i o n ma x i ma occu r 
du r i ng  t he  w i n t e r  a n d  ea r l y  s p r i n g  mo n th s  a nd a l s o  d u r i n g  
m i d s umme r ,  w i th p r ec i p i t a t i o n  i n  J u l y e xceed i n g a ny o t h e r  mo n t h . 
T h e  l e a st ra i n f a l l  occ u r s  d u r i n g  the  f a l l ( D i c k s o n  196 0 ) .  
S n owfa l l occ u r s  a n  a v e ra g e  o f  6 . 7 5 an d 2 5 . 9  days a n n u a l l y  a t  l ower 
a n d  h i g he r  e l e va t i o n s ,  r e s p ect i ve l y .  
Rock forma t i o n s  o f  the  a re a  a re c l a s s i f i  i n  t h e  Ocoe e  
Se r i e s  o f  t h e  l a te  P recambr i an a n d  a re comp o s e d  o f  t h e  S n owb i rd, 
G re a t  Smo ky, a n d  Wa l de n  C re e k  G ro u p s ( K i n g  e t  a l . 1968 ) . P a r e n t  
ma te r i a l s co n t a i n  l d s p a r ,  s h a l e ,  s l a t e , p hy l l i te s , sch i s t s , a nd 
q u a rt z .  S o i l s  o f  t h e  s tudy a r e a  a re g e n e ra l l y c l a s s i f i ed i n  the  
Ramsey a s soc i at i o n w i th  s ome c o l l uv i a l  a re a s  c l a s s i f i ed i n  t he 
f f e r s o n  a s s oc i a t i o n ( A n o n . 194 5 , 195 3 ) .  R amsey a n d  J e f f e r s o n  
s o i l s  a re cha racte r i z ed by l ow r t i l i ty ,  l ow wa ter  h o l d i n g 
capac i ty ,  a n d  s u sce p t i b i l i ty t o  e ro s i o n . The  s t udy a re a  i s  
g e n e ra l l y  un s u i ta b l e f o r  a g r i c u l t u r a l  p u rp o s e s .  
T he  v e g e t a t i o n o f  t he  GSMN P i s  e x t r eme l y  d i v e r s e; i t  i s  
c l a s s i f i ed a s  t o p o g r a p h i c  c l i max o r  s ec o n d a ry ( W h i t t a k e r  1 6 ) .  
I t  h a s  bee n r e p o rted t h a t  o v e r  1 , 300  f l owe r i ng p l a n t s  i nc l ud i ng 
13 0 s p ec i e s  o f  n at i v e tree s , 230 l ich e n s , 2 , 0 0 0  f u n g i , a n d  a l mo s t  
3 5 0  mo s s e s  a n d  l i v e rwo rt s occu r i n  t h e  GSMN P ( St up ka 1960 ) . The  
f o r e s t  typ e  c l a s s i f i ca t i on sy s tem deve l o ped  by S ha n k s (1  4b ) wa s 
u t i l i ze d  i n  the p r e s e n t  s tudy ( T a b l e 1 ) . 
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Tab l e  1. Fo r e s t  typ e s  a n d  t h e i r i m p o rt a n t  t re e  s p e c i e s  i n  
i n  t h e  G re a t  Smo ky Mo u n t a i n s . 
C o v e  h a rdwood  
H e m l oc k 
N o r t h e r n  h a rdwood  
C l o s ed oa k 
O p e n  o a k-p i n e 
S p r uce- f i r 
Y e l l ow po p l a r  ( Li r i odend r o n  tu l i p i fe ra ) 
s t e r n  h em l ock ( T s uga c a n a d e n s i s )  
Y e l l ow b uc keye ( Ae sc u l u s  oct a n d r a )  
S i l v e rbe l l  ( Ha l e s i a  ca r o l i n a )  
Beec h  ( gran d i f l o ra )  
Y e l l ow rc ( B et u l a  a l l eg h an i e n s i s )  
B l ack c h e r ry ( P run u s  s e r ot i n a )  
s t e r n  h em l oc k 
Y e l l ow b i rch 
S i l ve rb e l l 
F ra s e r  m a g n o l i a  ( Mag n o l i a  fra s e r i ) 
ech 
S u g a r  map l e ( s accha r u m )  
Y e l l ow buckeye 
Y e l l ow b i rch 
C h e s t n ut oa k ( Qu e r cu s  p r i n u s )  
Wh i te o a k  ( Q..; a l ba )  
B l ack o a k ( �  v e l u t i n a )  
No rth e rn red  o a k  ( Q.;  rubra ) 
P i g n u t  h i c ko ry ( C a rya g l a b ra ) 
Moc ke rn u t  h i c ko ry ( �  tom e n t o s a )  
S o u rwood  ( Oxyde nd rum a rbo r e u m )  
P i tch  p i n e  ( P i n u s  r i g i da )  
Sea r l  e t  o a k  (� c occ i  n e a )  
V i rg i n i a  p i n e  ( �  v i rg i n i a n a )  
Sa s s a  s ( S a s s a f ra s  a l b i d um ) 
) 
S o u rc e : R. E. S h a n k s . 1 9 5 4 .  f e re nce l i st o f  n a t i ve  p l a nt s  i n  
G r e a t  S m o ky Mo u n ta i n s , B ota ny D e p a rtme n t , T h e  U n i v e r s i ty o f  
Te n n e s s e e , K no x v i l l e .  ( M i me o g r a p h ed ) . 
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Spruce- f i r fo re st s a re dom i n a n t  at  the h i g h e s t  e l e va t i o n s ,  
a nd  p r i ma r i l y  occur i n  the s outh e a s t  c o r n e r  o f  t h e  s tudy a re a . 
No rther n  ha rdwood fo re st typ e s  oc cupy me s i c  s l o pe s  a n d  coves  abo ve  
1 , 40 0  m ,  a nd  p r i ma r i l y  are  c ompr i s ed of  y e l l ow b i rch  (Betu l a  
a l l egha n i e n s i s) a nd  Ame r i c a n  beech  (Fagus gra n d i fo l i a ) . Hem l ock 
fore st  typ e s  are  found  a l o n g  s t reams a n d  s h e l tered s l o p e s  at l owe r 
e l eva t i o n s  (be l ow 1 , 1 0 0  m )  a n d  o n  exp o s ed s l o p e s  a nd r i dge s at  
h i g h e r  e l eva t i o n s  (up to 1 , 5 40 m ) . Heml ock forests  a t  h i g h e r  
e l eva t i o n s  a re characte r i zed by a hem l ock (Tsuga c a n a de n s i s ) 
dom i n a n c e  o f  70  to  80% a n d  o n  extreme l y  de n se unde rg rowth , 
p r i ma r i l y  heath . C l o sed oak fore s t  typ e s  o ccu r i n  sub-me s i c  to 
xe r i c s i te s  at  m i dd l e to l owe r e l evat i o n s  w h i l e  open  oak a n d  p i n e  
c l a s s i f i ca t i o n s  occur o n  d ry , expo sed , a n d  rocky s i te s  at 
g e n e ra l l y  l ow e l e v a t i o n s .  The cove hardwood  forest  c l a s s i f i c at i o n 
i s  p e rh a p s  the  broad e s t  o f  the c l a s s i f i ca t i o n s  a n d  i s  
c haracterized by me s i c  fore sts  occurr i n g i n  cove s o r  o n  s h e l te red 
s l ope s at  l ow to m i ddl e e l ev at i o n s  (be l ow 1 , 3 70  m )(Sha nks 1954b ) . 
Other  vegeta t i o n  typ e s  that  make up a sma l l port i o n  o f  the 
study area i n c l ude h e ath ba l ds ,  g ra s sy ba l d s ,  and p a s to r a l  f i e l d s. 
Heath  ba l d s  are extreme l y  de n s e , tree l e s s  th i cke ts  comp o sed 
p r i ma r i l y  of  r hododen dron  ( R hodode ndron max i mum ) and  moun ta i n  
l aure l (Ka l m i a  l at i fo l i a ) . Heath  ba l d s  occur o n  exposed  r i dg e s  a t  
e l evat i on s  above  1 , 300  m. Gra s sy ba l d s  a r e  f o u n d  i n  s cattered 
s p o t s  a t  h i g h  e l evat i o n s  a l o n g  the T e n n e s s ee-N o rth Ca ro l i n a 
bo rder, a n d  7 . 3  km2 o f  pa stora l f i e l d s a re ma i n ta i n e d  i n  Cade s 
Cov e  a s  a h i s to r i ca l s i te by t h e  Natlo n a l  Pa rk Serv i c e .  
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F i fty-n i ne s p ec i e s o f  mamma l s  a r e fo u n d  w i t h i n t h e  GSMNP  
(L i n z ey a n d  L i n z ey 1 9 7 1 ) .  N ear l y  ha l f  o f  t h e s e  i e s are  
rod e n t s .  Be sid e s  t he  b l a c k  bea r ,  the  wh i t e - ta i l ed dee r 
(Qd o c o i l e u s  v i rq i n i a n u s ) a n d  E u r o p e a n  w i l d  h o g  (S u s  sc ro fa )  a re 
t h e  o n l y  o t h e r  l a r g e  mamma l s  o f  i mport a n c e . In  add i t i o n t o  
mamma l s, o v e r  2 0 0  s p e c i e s o f  b i rd s ,  1 30 s p e c i e s o f  rept i l e s ,  39 
s pe c i e s of am p h i b i a n s ,  a n d  70 typ e s  of f i s h  o c c u r  i n  t h e  s t udy 
a re a . 
Two d i s t i n c t  p h a s e s  o f  l o g g i n g  p r a ct i c e s  o c c u r red i n  t h e  
G r e a t  Smo ky M o u n t a i n s  �r i o r  to  e s tab l i s hme n t  o f  t he  GSMNP i n  1 9 34  
( Lambe rt 1 961) . T h e  f i r s t  p e r i od ext e n ded f ro m  1880 - 1 900  a n d  
c o n s i s t ed  o f  s e l e c t i v e  c u tt i n g  i n  area s e a s i l y  a c ce s s i b l e  to 
l og g e r s , p r i ma r i l y  t h e  l ower  s t reams . By the e a r l y  1 9 0 01 s , l umber  
c omp a n i e s h ad a cqu i red mo s t  of  the  l a nd  i n  t h e  s tudy a re a , a n d  
b e g a n  l a rg e - s c a l e  l og ging o p e r a t i o n s . D u r i n g  t h i s s e c o n d  p h a s e  o f  
l og g i n g , r a i l r o a d s  a n d mech a n i z ed l o g g i n g  tec h n o l o gy made  l a rge  
exp a n se s of  t he  st udy area a c c e s s i b l e .  I n  add i t i o n, c l e a r  c u tt i n g  
rat he r  t h a n  s e l e ct i ve c u t t i n g o f  t i mb e r  b e c a�e t h e  p re v a l e n t  
l og g i n g  p ract i c e ( Lambe rt 1 9 6 1 ) . E v e n  w i t h  t h e  i nt e n s i ve l og g i n g  
f rom 1 90 0  t o  1 9 3 9 , a p p rox i mate l y  3 9% o f  t h e  GSMN P remain s i n  
v i rg i n f ore s t . A l s o , many c u l l t re e s  s k i p p ed o v e r  d u r i n g  l o g g i n g  
o p e r a t i o n s  rema i n  ( Jo h n s o n  a nd P e l to n  1 9 8 1 ) . 
A s  p a rt o f  t he  C N F, l l i co Ran g e r  D i s t r i c t  i s  ma n a g  f o r  
mu l t i p l e  u s e - s u s ta i n ed y i e l d  o f  t i mbe r ,  o utdoo r  rec re a t i o n , 
wa t e r s h e d , a n d  w i l d l i re s o urce s .  T h e  t i mb e r  ma n a g eme n t  p l a n  
p ro p o s e s  e v e n - a g ed f o re st  ma n a g eme nt  o n  t h e  p o rt i o n s  o f  f o re s t  
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t h a t  a re s u i t a ble a n d  n o t  r e s e rv e d  for  o t h e r  p u r p o s e s  ( US FS 1976). 
T h e  pla n als o  c al l s for r o t a t i o n s  o f  6 0  yea r s  for Vi rg i n ia p in e, 
80 y e a r s  f o r  w h i t e  p in e  a n d  yellow p i n e s , a nd 100 y e a r s  fo r 
h a rdwo od wo r k i n g  g ro up s .  
T h e  e n t i re C N F  is  c o n s i de re d  a w ildli m a n ageme n t  a rea , a n d  
is  m a n aged a s  s u c h  b y  the Te n n e s s e e  Wildlife R e s o u r c e s  Ag e n cy 
( TWRA) in  c o nju n c t io n  w it h  t h e  m a n a g e m e n t  o f  o t h e r  r e s o u rc e s .  A 
67 km2 s ec t i o n o f  t h e  Tellic o R a n ger D i s t r i c t  i s  de s i g n a t e d  a s  a 
wild e rn e s s  s tudy a re a  a n d  i s  adjace n t  to t h e  60 km2 Joyc e  
K i lme r-Sli c k r o c k  Wilde r n e s s  A r e a. Al s o , a 124 km2 p o rt i o n o f  t h e  
a r e a  ha s bee n e s tabl ished  a s  a b e a r  s a n c t u a ry ,  w i th n o  bea r 
h u n t i n g  allowe d . An n ual b e a r  h u n t s  a r e  held in Decembe r in o t h e r  
a re a s  o f  the  C N F. Bears i n  t h e  GSMNP a re u n exploite d  exc for 
i lleg al h u n t i n g .  
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C H APTER I V  
METHODS AND MATERI ALS 
C apture and Handling Techniques 
Black bears were captured with Aldrich spring-activated fo o t  
snares o r  barrel traps. Prebaiting and snaring techniques were 
described by Johnson and Pelton (1980b) , and barrel trap 
techniques were described by Eil er (1981:10). 
Bears were immobil ized with an intramuscu l ar injection of 
etorphine hydrochloride (M99, O-M Pharmacentica l s ,  Rockvil l e ,  MD) 
at a dosage of 1 mg/45 kg of estimated body weight. M99 was 
administered with either a jab stick or a Cap-chur syringe fired 
from a C02- charged pistol (Pa l mer Chemical and Supply Co. , Inc . )  
depending on the trap type. After processing , recovery of the the 
animal was accomplished with an intravenous injection o f  
diprenorphine (M50-50 , O-M Pharmacenticals , Rockvil l e ,  MD) a t  a 
dosage of 2 mg/45 kg estimated body weight . Recovery was usuall y 
complete within 2-5 minutes. 
During immobi l ization ,  bears were marked with ear tags and a 
l ip tattoo for fu t ure identification. The weight and standard 
body measurements were obtained from each animal and general body 
condition was recorded. A b l o od sample and hair sample were 
coll ected from each animal. Also, a premolar tooth was ex tracted 
for aging purposes. Teeth were sectioned and stained as described 
by Eagl e and Pelton (1978) , and ages assigned according to the 
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ceme n tum an n u l i  techique described by Wil l ey ( 1 9 74 ) . Se l ected 
femal e s  we re radio-in strume n ted  with re set motio n s e n s o r  
tran smitte rs  (Te l onic s ,  Mesa , AZ ) fo r mo nitoring d u ring the 
den ning period . 
Den ning I n fo rmation 
Femal e b l ack bear s were radio-tracked begin ning in l ate  
Novembe r to determine  dates  of  den  en try . Basic radio-tracking 
technique s we re d e s c ribed by Gar s h e l i s  (1 978:14- 1 5 ) . Femal e s  we re 
l ocated by triangu l ation every 3 to 5 days ; d e n  entry was 
determined to have occurred when  a bear was c o n siste n t l y  l ocated 
in the  same area . After femal e s  had bee n in d e n s  ap proximate l y  1 
mon th, de n s  were l ocated by 11 homing11 in  o n  the signal u sing a han d 
he l d  directio nal  H-ante n na (Te l onic s ,  M e sa , AZ ) . 
T h e  date o f  emerge nce  f rom the  den  was determin ed by wa l king 
into t h e  immediate vicinity (within 50 m) o f  the  den and 
dete rmining by signal  directio n and  stre ngth if the bear was stil l 
in  the  den . I n  a few in stan ces  (n=S ) , wal king into the  de n site 
vicinity was con sid ered imp ractical ,  and  d e n  emergence  dates  were 
obtained by l ocatio nal radio-tracking . O n l y  tho se  eme rge nce  date s  
co n sidered t o  be accurate to  within 5 day s we re util ized for  
comparative ana l ys e s . 
Co l l ection o f  Reproduc tive I n formation 
Summer trapping . T h e  rep roductive conditio n of  fema l e s  
trap ped during s ummer was categorized a s  n o n - l actating ,  
1 5  
non-lactating estrus ,  or lactating . The detect ion of lactation 
was facilitated by an intram uscular injectio n of Oxyto cin 
(Parke-Davis , I nc.) (Eiler 1981:12-13 ) .  
The estro us condition o f  females was determined by visual 
examination of the vulva . Females exhibiting prominent swelling 
o f  the vulva were considered to be in estrus . In addition to 
visual examination, vaginal smears and serum estradiol 
concentrations were analyzed to provide samples for comparison 
with the visual determinations o f  estrus . Vaginal smears were 
collected, prepared , and stained as described by Eiler (1981:12 ) .  
The smears were examined under a microscope , and categorized as to 
cell type (cornified , nucleated, other ) and relative number of 
cells present (few, some , many ) . 
Blood samples for analysis o f  seru m  estradiol were collected 
in Vacutai ner chemistry tubes containing no additives . After 
coagulation, the clot was removed, and the serum centrifuged for 
10 minu tes . Then the serum was collected and frozen . Serum 
estradiol-178 concentrations were determined by radioimmunoassay 
using estradiol-178 antisera and estradiol-178-12 51 (Radioassay 
Systems Lab). The specificity of the antisera was essentially 100% 
(Radioassay Systems Lab) with crossreactivity with estriol < 6 . 5  
and estrone < 0.5 5 .  Gamma co unts of labeled estradiol were made 
with an Innotron (Hydragamma Model, Amer i can Diagnostic Products). 
Samples were run in triplicate , and data reduction was performed 
on a Hewlett Packard HP85 using the regression analysis methods 
described by Rodbard and H u tt (1975 ) and Rodbard et al. (1978 ) .  
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Winter denning. Dens of females were visited during the 
winter and the reproductive condition of the female was 
determined: with newborn cubs , with yearling cubs , or witho ut 
offspring . Lit ter sizes and sex ratios of litters were determined 
when possible . 
Methods of determining the reproductive condition of the 
female depended on the type o f  den that was occupied . Females 
that occupied ground dens were sedated with a mixt ure o f  Rompun 
(Xylazine , Haver Lockhart, Inc . ,  Shawnee , KS) , Ketaset (Ketamine 
hydrochloride , Bristol Laboratories , Syracuse , New York , NY) , and 
Carbo caine-V (Mepivicaine hydrochloride , Winthrop Laboratories, 
New York, NY) . Dosages o f  100 mg Rompun : 200 mg Ketaset: 20 mg 
Carbocaine were administered at 2.0 ml/4 5 kg of estimated body 
weight . Adult females were weighed , standard body measurements 
recorded , and other procedures such as replacement of lost ear 
tags or old radio-collars were performed as needed. Yearlings 
present in grou nd dens were sedated prior to handling , marked with 
ear tags and a lip tattoo , weighed , and measured. Selected 
yearlings were fitted with break-away radio transmitters for 
fut ure monitoring of s�badult dispersal. Newborn cubs in gro und 
dens were sexed , weighed , and marked with rota ear tags (NASCO , 
Ft . Atkinson , W I). Body markings such as chest blazes and 
developmental stages o f  growth such as degree of eye opening , 
cutting of teeth , and locomotor coordination were also recorded . 
Females and family gro u ps which occupied tree dens were t o o  
inaccessible t o  attempt sedation. Therefore , tree dens were 
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c l imbed u sing c l imbing ro pes  and c l o g ascende r s  (Ei l e r  1 981:107) , 
and reprod uctive condition o f  the femal e was d etermined. Litter 
size s of yearl ing s we re e stimated by vi sua l  obse rvation. Howeve r ,  
newbo rn cubs were not easi l y  observed ; t heir p re sence and 
e stimated l itte r size was dete rmined by ana l y sis  o f  reco rded 
v o cal izations. Recording s o f  c u b  voca l izations we re made u sing a 
Sony ECM- 1 6  omni-directional  condenser mic rophone and Sony TCS-300 
cas sette recorde r .  Reco rding ses sion s gene ra l l y  l a sted f o r  1 
h our. 
Sonagram Ana l y sis 
Crying vocal izations of newborn c u b s  occupying g ro und dens  
we re e l icited d u ring the ear tagging proces s ,  and reco rded and 
anal yzed sonagraphica l ly. Sonagrams were produced on a Kay 
Spectrum Anal yze r (mode l 606 1 -A ,  85-8000 Hz , Kay E l emetric s , 
Pinebrook , NJ) u sing a narrow band fi l te r  (45 Hz).  Sonag raphic 
parameters measured  inc l uded d u ration of the  c ry (sec ) ,  
fundamenta l freq uency (Hz) , c hang e in time of  the f undamenta l 
frequency (Hz) , 1 s t fo rmant (Hz) , 2nd fo rmant (Hz) , 3rd formant 
(Hz) , and the c hange in time o f  t h e  1 st ,  2nd , and 3 rd formants  
(Hz). Formant s repre sent the frequencie s of inc reased amp l it ude 
in a vocal ization (To si 1975 ).  
Val ues  of  the fundamental frequency and the formants were 
average s  obtained from the beginning and end of the vocal ization , 
and any di stinc tive c hang es  in the  paramet e r  between t h e  beginning 
and the end . Val u e s  o f  the c hang e in time of  the  fundamental 
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frequ ency and the formants were obtained by subtracting the lowest 
frequ ency observed from the highest. Measurements were made to 
the nearest mm (30 Hz/mm and 0 . 007 sec/mm) . Measurements o f  the 
fundamental frequency and the formants were converted to the 
nearest cycle per second (Hz) . Measurements of the duration of 
the vocalization were converted to the nearest 0 . 01 sec. 
Non-parametric data were co mpared using the chi square 
distribution. Because of sampling and computational advantages 
o ver the X2 test , the G-test (Sakal and Rohlf 1981) was employed 
in comparing frequency distributions . Analysis of variance 
(ANOVA) was used in analyzing data on denning chronology and the 
weight of cubs. Variables were anal yzed using the least-squares 
means ( LSMEAN) , which calculates the expected c l ass means for a 
balanced design (SAS 1982 : 148) . The Student's t-distribu tion was 
employed t o  compare serum estradiol levels between females of 
differing estro us conditions. The variance equality of the 
samples being compared was determined by using the 0.10 
significance level . Unless o therwi se stated , the 0.05 probability 
level was accepted as significant for all statistical tests; all 
probabilities are presented t o  clarify interpretation of the data 
(Tacha et al . 1982). 
Weather data were compiled into 5-day blocks and compared to 
the number o f  bears entering into or emerging from winter dens 
during the 5-day period .  Climatic factors analyzed included 
minimum and maximum temperatures, minimum and maximum temperature 
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range, total precipitation, number of days of precipitation, 
average daily wind velocity and maximum daily wind velocity. Data 
on wind velocity were obtained from the National Weather Service 
at McGhee Tyson Airport, Knoxville, TN. The remainder of the 
climatic data was obtained from the U.S. Weather Station, 
Gatlinburg, TN. 
Data collected from sonagrams were analyzed using a stepwise 
discriminant analysis procedure to select vocalization parameters 
with the most discriminating power in classifying vocalizations, 
as measured by Wilk1s lambda and the squared partial correlation. 
A tolerance level of P<0.10 was used to select variables entering 
or leaving the model. Variables selected through the stepwise 
procedure were subjected to a discriminant analysis classification 
procedure using a measure of generalized squared distance (SAS 
1982:381). 
Data on mast yields were obtained from mast surveys conducted 
by the Tennessee Wildlife Resources Agency (TWRA) on Tellico 
Wildlife Management Area, CNF, 1970-1981, and mast surveys 
conducted by National Park Service personnel in the GSMNP, 
1977-1981 (Appendix A). Since the mast survey in the GSMNP was 
not begun until 1977, and survey routes were changed over 
subsequent years, the mast data obtained from Tellico were 
employed in the statistical analysis. It should be noted, 
however, that differences in mast ratings occurred among sections 
of the study area in the same year (Appendix A). Data on mast 
yields were analyzed using regression analysis to delineate 
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relationships between fall mast crops and the yearly percentage of 
adult females with newborn cubs in winter dens (1979-1982) or the 
yearly percentage of adult females lactating during the summer 
(1973-1981). 
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Denni ng Per i od 
CHAPTER  V 
RESULTS AND D I SCUSS I ON 
Rad i o- i nstrumented femal e s  ente red dens from 2 1  Novemb e r  to 
16 January ( x  = 20 De cembe r )  and emerged f rom 18 Marc h to 4 May ( x  
= 1 0  Apr i l ;  Tab l e  2 ). The  mean l eng th o f  denn i ng was 1 1 3 day s. A 
2-way ana l sy i s o f  var i ance ( ANOVA) mode l was emp l oyed to c ompare 
date s o f  den entry and eme rgence , and the l ength o f  denni ng of  
femal e s  wit h  re s pe c t  to  the i r  rep roduc t i v e cond i t i on and den  type 
( g round or  t re e ) .  LSMEAN anal y s i s was then u s ed to i dent i fy 
d i f fe renc es  not revea l ed by the  ANOVA mod e l .  Mean date s of  d en 
ent ry and emergence are pre sented i n  F i g .  2 .  
ANOVA i nd i cated t hat dat e s  o f  den entry we re  not 
s i gn i f i cant l y  d i ffe rent ( F= 1 . 6 5 ,  P<0.1 8 )  among femal e s  o f  
d i f fe rent reproduc t i v e  c ond i t i ons  and den ty pe s ;  h owe v e r , LSMEAN 
ana l y s i s  revea l ed  that pregnant femal e s  ente red dens ear l i e r 
( P<0 . 04 )  than fema l e s  w i th c u b s  ( Tab l e 3 ) . I t  s ho u l d  be po i nted 
out that the s i gn i f i cant d i f fe rence  i n  dat e s  of den entry between 
pregnant fema l e s  and femal e s  w i t h  c ubs  was o btai ned o v e r  2 years  
o f  observat i on ( 1 980-81 and 1 98 1 -82 ) . A l though  pregnant fema l e s  
entered  dens ( x= 1 9  Decemb e r , n=6 )  before femal e s  w i th c u b s  ( X= 2 5  
Dec ember ,  n= 1 1 )  d u r i ng the  w i nter  o f  1 980-81 , t h e  d i f fe renc e s  were 
not s i gn i fi cant ( P<0 . 3 1 ) . Du r i ng the w i nter  of 1 98 1 -82 , on l y  2 
rad i o-co l l ared fema l e s  were w i th  c ub s , and dates  o f  den entry 
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Table 2 .  D e n  e n t ry a n d  emerge n c e  dates a n d  t h e  de n n i n g  p e r i od 
o f  female bla c k  be a rs i n  t h e  GSMN P a n d  CN F ,  1980-82 , 
w i t h  res p e c t  to r e p roduc t i ve c o n d i tio n . 
R e p roduct i ve 
co n d i t i o n 
Fem ales w i t h  
n ewbo rn cubs 
i n  w i n t e r  d e n s  
Females w i t h  
y e a rl i n g  cubs 
i n  w i n t e r  d e n s  
E n t ry 
2 1  N ov-29 D e c  
x 1 4  
( n  = 18) 
29 N ov-5 J a n  
x = Dec  
( n  = 1 1 )  
Females w i t h out 8 Dec-16 J a n  
o f fsp r i n g  i n  x = 23 Dec  
w i n t e r  dens  ( n  = 9 )  
All f emales 2 1  N ov-1 6  J a n  
x 20 
( n  = 38) 
Eme rg e n c e  
18 Mar-4 May 
x = 11 Apr 
( n  = 24) 
27 Mar- 1 5  A p r  
x = 7 A p r  
( n  = 6) 
29 Mar-1 8  A p r  
x = 8 ;\p r  
( n  = 6) 
18 Mar-4 May 
x = 10 Apr  
( n  = 41 )  
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D e n n i n g 
1 e n g t h  ( d ays ) 
94-135 
x = 12 1  
( n  7) 
87-1 1 6  
x = 101 
( n  = 3) 
9 0-1 1 7  
x = 1 07 
( n  3)  
87-135 
x = 1 13 
( n  = 29 ) 
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Figure 2. Mean and standard deviation (SO) of den entry and emergence dates of female black bears in the 
and CNF, with respect to reproductive condition and den type. 
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Table 3. Least squares means (LSMEAN) of den entry dates of female black bears in the GSMNP and CNF, 1980-82, 
with respect __ to reproductive condition and den type. 
Heproductive 
condition Den type 
W i th newborn 
cubs in 
winter dens 








W i til newborn Ground 
cubs in 
winter dens Tree 
With year I i ng Ground 
cubs in 
winter· dens Tree 
Without off- Ground 
spring in 
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1AI 1 possible comparisons between respective reproductive condition/den type cohorts. 
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were  obta i n e d  f o r  n e i the r o f  them . Howe v e r ,  1 f ema l e wit h  c u b s  
wa s k n own  n o t  to  b e  i n  a n u n t i l a t  l ea s t  25 J a n u a ry .  
s i de s  t h e  r e p rodu c t i v e  c o n d i t i o n o f  f ema l e s, food  
av a i l a b i l i ty i n  the  f a l l may  a l s o i n f l u e n c e  the  t i ming  of  d e n  
e n t ry ( S p e n c e r  19 , J o h n s o n  a n d  P e l t o n  1980 , Reyno l d s a n d  c h am 
1980 ) . S pe n c e r  ( 195 5 )  s p e c u l a ted  t hat  be a r s  d e n n ed e a r l i e r i n  
y e a r s  o f  food a b u n d a n c e  bec a u s e  o f  e a r l i e r  s a t i a t i o n . B l ack b e a r s  
i n  I d a h o  de n ne d  e a r l i e r i n  y e a r s  o f  ad v a n  p l a n t  p h e n o l og i c a l  
de v e l o pme n t  e v e n  i f  the  weath e r  w a s  m i l d  ( Reyn o l d s  a n d  Beec ham 
1980 ) . 
T h e  i n fl u e n c e  o f  f ood  ava i l a b i l i ty o n  d e n  e n t ry i n  t h e  GSMNP  
and  C N F  ha s b e e n  d i f f i c u l t  t o  a s c e rta i n ,  and  the  data  h a v e  l ed to 
c o n t r ad i ctory c o n c l u s i o n s .  J o h n s o n  and P e l t o n  ( 1980 ) repo rted  
t hat  b l a ck bea r s  e n t e red d e n s e a r l i e r i n  y e a r s  of  mast  s c a rc i ty 
( 1972- 7 4 )  t h a n  i n  y e a r s  o f  m a s t  a b u n da n c e  ( 19 7 6 - 77 ) . Howe v e r , 
E i l e r ( 198 : :66 )  o b s e rved n o  i n f l u e n c e  o f  m a s t  av a i l ab i l i ty o n  cen 
e n t ry i n  the  s ame s t udy a rea  d u r i n g  1978 a n d  1979 . D u r i n g  t h e  
p re s e n t  study , fema l e s  e n tered  n s  e a r l i e r i n  1981-82 , a good  
ma s t  yea r ,  t h a n  i n  1980-81 , a poor  ye a r .  H owe ve r , mo s t  ( o f  14 ) 
da t e s  o f  d e n  e n t ry o b s e rv e d  d u ri n g  1981-82 i n v o l v ed p r eg n a n t  
f ema l e s; th i s may h ave  i n f l u e n c e d  dat e s  o f  d e n  e n try .  
Furt h e rmo r e , d ate s o f  d e n  e n t ry were  n o t  obta i n ed  f o r  2 fema l e s  i n  
1981-82, 1 w i t h c u b s  and  othe r a s ubadu l t .  The se  fema l e s  were  
k n ow n  to ext e n d  mo v eme n t s  u n t i l a t  l e a s t  l a t e  J a n u a ry .  
T h e  e f f e c t s  o f  s ex , a g e , rep roduct i v e c o nd i t i o n, a n d  
n u t r i t i o n  a l l l i ke l y  i n f l u e n ce the  t i m i ng o f  d e n  e n t ry o f  b l a ck 
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b e a r s  i n  t h e  So ut h e r n  Appa l a c h i a n i o n .  I t  a p p e a r s  t hat  1 o r  
more  o f  t h e s e  f a c t o r s  may h a v e  va r i o u s  i n f l u e n c e s  f rom y e a r  t o  
yea r ,  a s  e v i d e n c ed i n  t h e  p r e s e n t  study, a n d  t h e  p re v i o u s  s t ud i e s  
o f  J o h n s o n  a nd P e l t o n  (19 80 ) a n d  E i l e r (1981 ) . T he  b e st  
e xp l a n a t i o n  to  a c c o u n t  f o r the  t i m i n g  of  den  e n t ry i s  p r o bab l y  t h e  
c i r c an n ua l  rhythm s u g g e sted  by Jo h n so n  a nd P e l t o n  (1980 ) .  
T h e  eme rg e n c e  d a t e s  o f  fema l e s o f  d i f f e re n t  r e p roduc t i v e 
c o n d i t i o n s  a n d den  typ e s  were  s i g n i f i ca n t l y  d i f f e re n t  (ANOVA , 
P<0 . 0 015 ) ;  t h e  i nt e r a ct i o n b e twee n  r e p rodu c t i v e  c o n d i t i on a n d  d e n  
typ e  wa s t h e  mo st  s i g n i f i ca n t  c o n t r i b u t o r  to  the  m ode l . LSM EAN 
a n a l ys i s rev e a l ed t h a t  tree  d e n n i n g fema l e s w i th n ewbo r n  c u b s  
(x=20 Ap r i l )  emerg  f ro m  de n s  s i g n i f i c a n t l y  l a t e r  t h a n  be a r s  in  
a l l o t her  rep rod u ct i v e c o nd i t i o n/d er typ e c o hort s  exc e p t  g ro u nd 
d e n n i n g f ema l e s w i t h o u t  o f f s p r i n g  (x = 9 Ap r i l ;  T ab l e  4 ) . 
M o s t  r e s e a rc h e r s  i n v e s t i ga t i ng d e n  eme r g e n c e  o f  v a r i o u s  s e x  
a n d  a g e  c o h o r t s  o f  b l a ck bea r s  h a v e  r e p o rt e d  t h a t  f e ma l e s wi t h  
n ewb o r n  c u b s  we re the  l a s t  t o  emerge  (L i ndzey a n d  Me s l ow 1976 , 
J o h n s o n  a n d  P e l t o n  1980a , T i etje a n d  R u f f  1980 , B e e c h am 1980b : 30 ) . 
L i ndzey a nd Me s l ow (19 76 )  a n d  Ei l e r (1981:68 ) a t t r i buted  l at e  d e n  
emerg e n ce by f ema l e s  w i t h  n ewbo r n  c u b s  to  t h e  l ack o f  m o b i l i ty o f  
t h e  c u b s . R og e r s  (19 77:7 5 )  repo rted t h a t  fema l e  bea r s  w i t h  
n ewb o r n  emerged  from  den s a t  a b o u t  th e s ame t i me a s  o t h e r  be a r s  
bec a u s e  warm e r  tem p e ra t u r e s  c a u s ed s n owme l t  i n s i de t h e  de n s; 
howe ve r ,  t hey rema i n ed i n  t h e  v i c i n i ty o f  the  d e n  l o n g e r  t h a n  
r s  o f  o t h e r  r e p roduc t i ve c o n d i t i o n s .  A l s o , f ema l e s  w i t h  
2 7  
T a b l e  4 .  Lea s t  squa r-e s mea n s  ( LSMEAN ) o f  de n eme rg e n c e  da t es o f  fema l e  b l a ck b e a r s  i n  t h e  G S M N P a nd C N F ,  
1980-82, w i ttl re s p e c t  t o  re p roduc t i ve c o nd i t i o n a n d de n t y p e . 
H e p  rodu c t  i v e  P ro b> T H : LSMEAN( I )=LSMEAN(,J )1 
c o nd i t i o n Den type LSMEAN 1/J 1 2 3 
w i t tl newbo rn 1 u Ap r 1 0. 39115 0.5677 
c u b s  i n  
w i n t e r de n s  
Wit h  ye a r l i ng 7 Ap r 2 --- 0. 9817 
cub s i n  
w i n t e r  d e n s  
W i  t twu t o f f - 7 Ap r 3 
s p r· i n g i n  
w i n t er de n s  
1/J 1 2 
G ro un d  5 Ap r 1 0. 1831 
N T re e  11 Ap r 2 (X) 
1/J 1 2 3 4 5 6 
w i t il newbo rn G ro u n d  1 Ap r 1 ---- 0.0001 0. 15311 0.3552 0.6266 0. 1658 
c u b s  i n  
w i n t e r de n s  T re e  1 9  Ap r 2 --- 0.0629 0.0030 0. 1 fll6 0. 03011 
W i t h ye a r l i ng G ro u nd 6 Ap r 3 --- 0. 52811 0. 7632 0.8955 
c u b s  i n  
w i n t e r de n s  T ree 8 Ap r 11 0.9558 0.5995 
W i t twu t o f f - G ro u n d  9 Ap r 5 0.8203 
sp r i ng i n  
win t e r de n s  T re e  5 Ap r 6 
1 A I I p o s s i b l e  compa r i s o n s  betwe e n  re s p e c t i ve r e p roduc t i ve c o nd i t i o n/de n t y p e  c o h o r t s .  
sma l l e r a n d  l e s s  mob i l e  c u b s  r ema i n ed c l o s e r  to  d e n  s i te s  t h a n  
tho s e  w i t h  l a r g e r  c u b s  (Rog e r s  1 9 7 7 : 7 5 ) . 
D u r i n g  1 982 , g ro u n d  d e n n i n g fema l e s w i t h  n ewbo rn cub s eme rged 
from de n s  e a r l i e r t h a n  h ad b e e n  o b s e rv ed i n  p rev i ou s  ye a r s  i n  t h e  
GSMNP . O n e fema l e  w i t h  a s i n g l e cub  vacated h e r  g r o u n d  d e n  by 1 8  
March , a nd 4 o t h e r  fema l e s  w i t h  n ewbo rn  c u b s  h a d  eme r g ed f rom 
t h e i r  g ro u n d  de n s  by 25 Ma rch . A l l 4 rema i n ed i n  t h e  v ic i n i ty o f  
t h e  de n s  f rom 7 t o  2 3  days . T h e  p e r i od  o f  1 3  t o  1 9  March 1 98 2  wa s 
cha racte r i z by w a rm temp e ra t u r e s  (2 1-2 7°C ) a n d  h e a vy ra i n s .  
P e r h a p s th e s e  w e a t h e r  patte r n s made  cond i t i on s  i n  t h e  den s  
u n s u i t a b l e a n d  p romp ted eme rge nce ( l e r 1 98 1:68 ) .  I n  add i t i on , 
mo s t  c u b s  exam i n ed i n  1 9 82 were  i n  e xce l l e n t  con d i t i on a n d may 
h a v e  acq u i red s u f f i c i e n t  mo b i l i ty to a l l ow e a r l y  eme r g e nce . 
ANOVA i n d i cated  t h a t  t h e  d e n n i n g p e r i od s  o f  f ema l e s w i t h  
re s pect t o  t h e i r  r e product i v e con d i t i on a n d  d e n  type we re 
s i g n i f i ca n t l y  d i f f e re n t  (P<0 . 0 0 1 ) ; r e product i v e con d i t i o n 
e x p l a i n e d  mo s t  o f  the  v a r i a t i o n i n  t h e  mode l . Ov e ra l l ,  f ema l e s  
w i t h  n ewbo r n  c u b s  (x=ll8.9 days ) d e n n ed l o n r ( P<0 . 00 1 )  t h a n  
fema l e s  w i t h  ye a r l i n g cub s  (x=lOl . O  days ) .  S p eci f i ca l l y ,  t r e e  
d e n n i n g fema l e s  w i th n ewbo rn  c u b s  (x= 1 2 5 . 0  day s )  d e n n ed l o n g e r  
tha n  b e a rs i n  a l l o t h e r  r e p roduct i ve cond i t i o n /de n  typ e  coho rt s 
(Ta b l e 5 ); howe v e r ,  g rou nd  d e n n i n g fema l e s w i t h n ewbor n  c u b s  
1 2 . 8  days ) d i d  n o t  d e n  s i g n i f i ca n t l y  l o n g e r  t ha n  o t h e r  b ea r s . 
E i l e r ( 1 9 8 1 : 2 1 )  re p o rted  t h a t  fema l e s w i th n ewbo r n  cub s 
d e n n ed l o n g e r  t h a n  fema l e s  w i t ho u t  o f f s p r i n g , b ut  n o t  l o n g e r  tha n 
fema l e s w i t h  ye a r l i n g s .  J o h n s o n  a nd P e l ton  ( 1 980 ) f o u nd  t h a t  
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T a b l e  5 .  Lea s t  s q u a re s mea n s  ( L S M E A N ) o f  t h e  l e  
9 8 0 - 8 2 , w i t h r e s p e c t  t o  re p ro d u c t i v e 
til  o f  d e n n i n q o f  f e m a l e  b l a c k  b e a t'S i n  t ile G S HN P a n d  C N F ,  
t i o n a n d  d e n  t y p e . 
R e p ro d u c t i ve 
c o n d i t i o n 
W i t h n e wbo rn 
c u b s  i n  
w i n t e r· d e n s  
W i t h ye a r l i n g 
c u b s  i n  
w i n t e r  d e n s  
W i t h o u t o f f­
s p r i n g i n  
w i n t e r d e n s  
D e n  type L S M E A N  
1 1 8 . 9  
0 1 . 0  
No n - e s t 2 
P ro !>>- T H 
1 / J 
2 
3 
L S M t A N [ I ) = L SMEA N ( J ) 1 
2 3 
0 . 0 004 
�----- -----------------·-- --·- --·---- ··--- -
W i t i l  IH"WbO r'fl 
c u b s  i n  
w i n t e r  d e n s  
W i t l r  ye a r l i n g 
c u b s  i n  
w i n t e r  d e n s  
W i  t l 1 o u t  o f f ­
r· i ng i n  
W i n t e r d e n s  
G ro u n d  
l re e  
G ro u n tJ 
T re e  
G ro u n d  
l re e  
T re e  
N o n - e s t 2 
1 0 1 . 9  
1 1 2 . 8  
1 25 . 0  
1 0 1  . () 
1 0 1 . 0  
1 0 6 . 7  
1 /J 
2 







2 3 l j  
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fema l e s  known to  p roduce cubs  de n n ed l o n g e r  than  other  fema l e s .  
The average  d e n ning  l ength  (1 1 3  d ay s )  for the p r e s e n t  st udy is 
simil a r  to  that repo rted by Ei l e r  (1981 : 2 1 )(x�l 1 4  day s, n�1 5 ) , but 
is  l o nger  than  that reported by J o h n s o n  a n d  Pe l ton  ( 1 980 ) (x=99 
day s , n=7 ). 
Evidence from the  present  s t udy indicate s that  d e n  eme rgence 
a nd  d e n ning l e ngth  o f  fema l e s  wit h  newborn  cubs  is in f l u e n ced by 
den  type . Tree de n ning fema l e s with n ewbo rn cubs  d e n n ed l o nger  
and  eme rged l a ter than  other  fema l e s. The obse rved e a r l ie r  
eme rg e n ce o f  g rou nd  den ning fema l e s with  n ewborn  cubs  s u g g e s t  that 
conditio n s  in side d e n s  had become u n fit for remaining . Howeve r ,  
the in f l uence o f  e a r l ie r  emerg ence  o r  den typ e  o n  cub s u rviv a l  a re 
u n known . 
Weather  Re l atio n s hip s and Den ning 
Mu l tip l e  reg re s sio n a n a l y sis  wa s u sed  to  de l ineate  the 
re l ation s hip between  the n umbe r o f  bea r s  e nterin g into or emerging 
from den s  a n d  c l imatic factor s  d u rin g 5-day time periods .  A wea k  
l in e a r  re l a tio n ship (R2=0 . 1 5 )  existed between  minimum temperature 
and  the n umber of  be ars  e ntering den s ,  but n o  other  c l imatic 
facto rs we re l inea r l y  re l ated to den e ntry. Tota l pre cipitation , 
minimum and  maximum temperature , and  ma ximum temperature  range  
ex hibited the  best  l inear  re l a tio n s hip (R2=0. 46 , P<0 . 02 )  to the  
n umbe r of  bears  emerging f r om de n s. However ,  maximum tempe rature 
ra n g e  wa s n ot  a significa n t  contributor  to  the  mode l . Genera l l y ,  
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more b e a r s  eme rged f rom de n s  wi th i n c re a sing p re cipitat i o n ,  a n d 
h i ghe r m i � i m um a n d  m a x i mum  tempe ra t u re s .  
The e f fe c t s  o f  weathe r o n  n n i ng a r e  d i f f i c u l t t o  a s c ert a i n .  
The d a te s o f  de n n i ng o f  b l a c k  bea r s  ha v e  b e e n  re l at i v e l y  
c o n s i s t e n t  f rom 1 9 76  to 1 98 1  ( John s o n  1 9 7 8 , E i l e r 1 98 1 , thi s 
study ) , but  the re ha ve  bee n  n o  c l i matic f a c to r s  which ha v e  
c o n s i s te n t l y  a f  ted  de n n i ng du r i ng th i s t i me s p a n . John s o n  a nd  
l t o n  ( 1 980 a )  found  a l i n e a r  r e l a t i o n sh i p betwe e n  d e n  e n t ry date s 
o f  b ea r s  a nd  tota l p rec i p i ta t i o n , n umber  of  day s o f  p rec i p i ta t i o n , 
a nd m i n i mum  a nd maxi mum  tempe ra t u r e  ( R 2 =0 . 70 ) . Eil e r  ( 1 9 8 1 : ) 
f o u n d  n o  l i n e a r  re l a t i o n ship betwe e n  the date  fema l e  b e a r s  e n tered  
d e n s a nd c l i m a t i c to r s . Howev e r ,  a mode l i n c l ud i ng tota l 
p re c i p i tat i o n , m i n i mum temp e r a t u re , a n d  rep roduc t i v e  c o n d i t i o n  
p roduc ed a s t ro ng l i n e a r  r e l a tio n shi p ( R 2 =0 . 9 4 )  to whe n fema l e 
bea r s  v acated de n s  ( Eil e r  1 9 8 1 : 22 ) . E i l e r  ( 1 9 8 1 : 2 2 )  s ta ted tha t 
bea r s  t ended  to  l e a ve  d e n s a f t e r  p e r i od s  of  heavy ra i n f a l l a n d  l ow 
m i nimum temp e r a t u r e s .  
I n  oth e r  a r ea s o f  the b l a c k  b e a r ' s  r a n  , c o n s i s t e n t  p a t t e r n s  
betwe e n  c l i ma t i c f a c t o r s  a n d  the o n se t  o f  d e n n i ng ha v e  n o t  n 
demo n s t ra I n  Y e l l ow s t o n e  Natio n a l  Pa r k ,  the on set  o f  n ning 
of b l ac k  b e a r s  v a r i  among i n d i v i du a l s ,  a n d  d i d  not  a p p e a r  t o  be  
r e l a t ed to we r p a tte rn s ;  howe ve r ,  g r i zzl y b e a r s  d e n n ed 
s i mu l ta n e o u s l y  d ur i ng s e v e re s n ow s t o rms  ( C ra i ghead a n d  C ra i ghead 
1 972 ) . I n  A l berta , n o  d i r e c t  re l a t i o n sh i p wa s f o u n d  b e twee n  
temp e r a t u re a n d  p r e c i p i ta t i o n  a n d  den  e n t ry o f  b l ac k  b e a r s  ( T i etje  
a n d  R u f f  1 980 ) . H owe v e r, b l a c k  bear s  i n  M o n ta n a  g e n e r a l l y  
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e xt e nded act i v i ty i n  the fa l l  u n t i l the f i r st  he avy s n owstorm 
( J o n ke l  a n d  Cowa n 1 97 1 ). Date s o f  den  entry o f  b l a c k  bea r s  i n  
P en n sy l van i a  d i d  n o t  appear to be re l ated to weather patte rn s , but  
were  re l ated to  sex  a nd  reprodu c t i ve c o nd i t i o n ( Al t et a l . 1 9 76 ) . 
L i ndzey a nd  Me s l ow ( 1976 )  fo u nd  that be a r s  i n  Wa s h i n gto n  e n te red 
den s  o n  days of be l ow average  temperature s  a nd  above ave rage  
p re c i p i ta t i o n ; they fe l t  that the  cum u l at i ve effect of  weath e r  
( tempe ratu re a n d  p rec i p i tat i on ) acted a s  a prox i mate s t i m u l u s  to 
e n te r  de n s  a n d  p hy s i c a l  c o nd i t i o n  ac ted a s  an u l t i ma te st i m u l u s  
( Li ndzey a nd  Me s l ow 1 976 ) . 
R e s u l t s  of  the pre s e n t  s tudy sugge st  that c l i ma t i c  facto rs 
a re p oor  p red i ctor s  of when bears  e nter  a n d/o r emer g e  f rom de n s .  
Howe ve r ,  per i od s  o f  h eavy ra i n fa l l may p rompt be ars  to emerge from 
den s ( John s o n  a n d  P e l ton 1980 , E i l er 198 1:68 , th i s  s tudy ) . 
Obs e rvat i o n s  o f  Den  Eme rgen c e  
F i e l d  obse rvat i o n s  o f  b l ac k bears  emerg i n g f rom t ree  den s  a re 
rare e v e n t s . D u r i n g  the spr i n g  of  1 982 , 2 fema l e s  w i th  c u b s  were 
obse rved l eav i n g de n s .  The f i rst  ob servat i on occ urred o n  19 Ap r i l 
1 982 . The fema l e  wa s obse rved to eme rge from the  e n tr a n c e  o f  h e r  
ye l l ow pop l a r tree  den . She s l owl y de sce nded the u p h i l l  s i de o f  
the t re e  and u p o n  reach i n g t h e  gro und , i mmed i ate l y  defecated . The 
fema l e appea red to be l etharg i c  fo r the f i r st  few m i n u te s on the  
g ro u n d ,  as  e v i d e nced  by her  s l ow and  somewha t  awkwa rd moveme n t . 
Howeve r , s he  appare n t l y detec ted the pre s e n c e  o f  the a uthor  and 
l eft the den  s i te i mmed i ate l y .  T he  fema l e was  k n own to  have  
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n ewbo rn c � b s , b u t  t h ey we re n e v e r  s een  d u r i n g  t h e  eme rg e n c e . On 
2 2  Apr i l , t h e  fema l e  wa s f o u n d  a p p ro x i ma t e l y  75 m n o rth of t h e  
den , a nd  wa s a c c omp a n i ed by 3 c u b s . I t  i s  n o t  k nown w h e t h e r  t h e  
fema l e  c a r r i ed t h e  c u b s  f ro m  the  d e n  c a v i ty o r  i f  ey c l i mbed 
down on  t he i r  own . Howe v e r , t he  c � b s  we re c a p a b l e  of  c l i mb i n g  
w h e n  a p p ro a c h e d  o n  2 2  Ap r i l .  
T h e  sec o n d  o b s e rvat i o n o f  a b e a r  eme rg i n g f rom a t r e e  d e n  
t o o k  p l a c e  f r o m  20 A p r i l to  3 May 1982 . D�r i n g  the  c o u r s e  o f  
c h e ck i n g  o t h e r  rad i o - co l l a r e d  fema l e s for  emerg e n c e  from  den s ,  t he  
author  o b s e r v ed a ta g g ed , b ut  u nc o l l a r ed fema l e  s i t t i n g  a t  the  
e n tra n c e  o f  a b l a c k g um tree  d e n . T h e  f ema l e  s a t  at  t h e  e n t ra n c e  
f o r  s e v e ra l  m i n ut e s  d u r i n g  wh i ch t i me c r i e s  o f  c u b s  were  h e a rd 
from  w i th i n  the c a v i ty .  T h e  fema l e  t he n  l owe red h e r s e l f ba c k  i nt o  
the  c a v i ty .  T h e  d e n  wa s c h e cked a i n on 2 6  A p r i l ,  a nd ,  a l t h o u g h  
t h e r e  w a s  s o m e  s i g n  o f  p r i n t s  o n  t h e  g ro u n d  be l ow t h e  d e n , n o  
de f i n i te e v i  n e e  o f  eme rg e n c e  s u c h  a s  a fec a l  p l ug c o � l d b e  
f o u n d . O n  2 9  A p r i l ,  3 c u b s  were  o b s erved o u t s i de t h e  d e n  e n t ra n c e  
c l i mb i n g  on  t h e  t re e  wh i l e  t h e  fema l e  w a s  i n s i de t h e  cav i ty .  O n e  
o f  t h e  c ub s  wa s a b l e t o  g e t  b a c k i n to  the  den , b ut  t h e  other  2 ,  
wh i ch we re l ow the  e n t ra n c e , h ad  tro u b l e n e g ot i a t i n g  the  l ower  
l i p of  t h e  e n tra n c e . T h e  c ub s 1 c l i mb i n g  a b i l i ty wa s s l o w a nd 
t e n uo u s . T h e  f ema l e  s tu c k  h e r  h e a d  ou t s i d e the  e n t r a n c e  s e v e ra l  
t i me s , b ut  n ev e r  h e l ped t h e  c u b s  b ack  i n s i de the  d e n . After  
a p p roxi mate l y  1 1 / 4  h o u r s , t h e  c u b s  we re ab l e t o  c l i mb b a c k i n s i de 
the  c a v i ty .  O n  3 May , t h e  c u b s  c l i mbed t h e  tree  d e n  u p o n  
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approac h , and  fe c a l  mate r i a l  a n d  d i g g i n g  i n  t h e  v i c i n i ty o f  t he 
den  i nd i ca ted that  the fema l e had eme rged . 
S e vera l i n v e s t i gator s have  observed that some b l a c k  bea r s , 
e spec i a l l y  fema l es w i th n ewbo rn c ubs , may rest r i ct  act i v i t i e s to 
the v i c i n i ty of the den  for a pe r i od of t i me fo l l ow i n g  eme rgence  
( Ro g e r s  1 977 : 75 ,  LeCou nt  1 980 , T i e tj e  a nd  Ruff  1 980 , E i l e r 
1 98 1 : 1 5 ) . D u r i n g  rout i n e  c h e c k s  o f  den s  for  emerg e n c e  data , 
s evera l  o b s e rva t i o n s  o f  s i g n s u c h  a s  d i g g i n g s ,  f eca l mate r i a l , a nd  
beds  i n  the  v i c i n i ty o f  the  den  i nd i c ated that  fema l e  b l a c k  bea r s , 
e spec i a l l y  tho s e  w i th  newbo r n , had re s t r i cted act i v i t i e s and  
moveme n t  for  a s h ort per i od fo l l ow i n g  emerge nce . T he s e  r e s t r i cted 
mov eme n t s  may be r e l ated to the  tran s i t i on pe r i od f rom w i n ter  
do rma n cy to n o rm a l  a ct i v i ty ( Jo h n s o n  a nd  P e l to n  1 979 , E i l er 
1 98 1 : 69 )  o r  to the  l ac k  o f  mobi l i ty of  the  c u b s  ( Ro g e r s  1 9 77 : 75 ) . 
D e n  U t i l i  o n  
Twen ty- f i v e ( 43 . 1% )  g ro u nd de n s  a n d  3 3  ( 5 6 . 9%)  tree den s  we re 
l oc ated . Tree den s  were ut i l i z ed more frequen t l y  ( P<0 . 00 5 )  dur i ng  
the  w i nter  of  1 980-81 than  the  w i n ter  o f  1 98 1 -82 ( Tab l e 6 ) ; t h i s 
re l a t i o n s h i p e x i s ted for both adu l ts ( P<0 . 0 1 )  a nd  s ubadu l t s 
( P<0 . 0 1 ) . The maj o r i ty of  s ubadu l t s ( 4  o f  7 )  a nd adu l t s ( 29 of  
5 1 )  u sed tree den s w i th  n o  s i g n i f i ca n t  d i ffere nce  between  the  2 
g ro u p s . Ground  de n s  we re u t i l i z ed mo re f req u e n t l y  ( 8=9 . 62 7 , 
P<0 . 0 5 )  i n  the Sug a r l a nd s  Mtn . / E l kmo n t  area  than  any other  sect i o n  
o f  the  s tudy area ( Tab l e 7 ) .  
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T ab l e 6 .  D e n  typ e  u t i l i za t i o n by fema l e  b l a ck bea r s  i n  the GSMNP 
a n d  C N F d u r i n  the w i n t e r s  o f  1 980-81  a n d  1 98 1 -82 . 
N o . u t i l i z i ng N o . u t i l i z i n g 
C a  o ry W i n t e r  r o u n d  de n s  t ree  de n s  G l  
A 1 1  fema l e s  1 98 0 - 8 1  6 2 3  
1 2 . 046 2 
1 9 8 1 -82 1 9  1 0  
S ubadu l t s 1 980-8 1  0 4 
7 . 7 9 6 3 
1 98 1 -82  3 0 
Ad u l t s  1 98 0 - 8 1  6 1 9  
7 . 3 1 6 3  
1 9 8 1 -82  1 9  1 0  
1 G - te s t  ca l c u l a t ed for  betwe e n  y e a r  comp a r i s o n s  for  e ach  c ategory . 
2 P<0 . 00 5 . 
0 .  0 1 . 
Tab l e  7 .  D e n  typ e  u t i l i z at i on by fema l e  b l ack b e a r s  i n  the GSMNP  
a n d  C N F , 1 980-82 , w i th re s pect  to  the 4 maj o r  s ec t i o n s  o f  
the s tudy a re a . 
N o . u t i l i z i ng N o . u t i l i z i n g 
S e c t i o n  o f  study a re a  g ro u nd den s tree  d e n s  
S u g a r  l a n d s  M t n / E l kmo n t  1 4  6 
Bote  Mtn/De f e a t  R i dg e /  6 1 2  
Tremon t  
P a r s o n s  B r a n ch Rd . /  2 8 
B u nke r H i l l  
T e l l i c o  C N F  3 7 
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T h e  e x t e n s i v e u t i l i zat i o n o f  t ree  ca v i t i e s h i g h a bove  g ro u n d  
a s  w i n t e r  de n s  by fema l e  b l ac k  b e a r s  i n  t h e  GSMNP  h a s  b e e n  
doc um e n  by i nv e st i g a t o r s  o v e r  s e ve r a l  y e a r s  ( 1 9 7 3 - 1 98 0 )  o f  
o b s e rv at i o n  ( P e l t o n  e t  a l . 1 9 80 , E i l er 1 9 8 1 : 2 3 ,  J o h n s o n  a nd  P e l t o n  
1 9 8 1 ) .  Tree  de n s  we re u t i l i z ed  e ve n  o n  a rea s  t hat  had  b e e n  
i n t e n s i v e l y  l o g ged ( e . g .  Tremo n t ) o r  were  u nde rgo i n g t i mb e r  
ma n a g em e n t  ( T e l l i c o )  ( E i l e r 1 98 1 : 7 1 ) . D u r i n g  t h e  w i n te r  o f  
1 980-8 1 , fema l e s  f o l l owed t h i s s ame ba s i c p a t t e r n  o f  t r e e  d e n  
u t i l i za t i on . H oweve r ,  d u r i n g  1 98 1 -82 t h e  maj or i ty o f  fema l e s 
u t i l i zed g r o u n d  n s .  N o t  o n l y  w e r e  g ro u n d den s  e x t e n s i v e l y  u 
i n  trad i t i o n a l  g ro u n d de n n i ng s ec t i o n s  l i ke S ug a r ' a n d s  M t n /  kmo n t  
( E i l e r 1 : 26 ) , b ut  a l s o i n  a re a s  s u c h  a s  P a r s o n s  B r a n c h  
Rd/Bu n ke r  H i l l  ( 2  o f  4 )  a nd T e l l i c o  ( 4  o f  5 )  wh i ch h ad p rev i o u s l y  
n p redom i n a n t l y  t ree  n n i n g a re a s . 
P e rhap s t h e  a no ma l o u s  d e n  s e l e ct i o n dur i n g  the  w i n te r  o f  
1 98 1  w a s  re l ated to t h e  o c c u r r e n c e  o f  a n  e x c e l l e n t  m a s t  crop  i n  
t h e  f a l l  o f  1 9 8 1  ( Ap p e n d i x A )  a n d  t h e  re s u l t a n t  good  p hy s i ca l  
c o n d i t i o n o f  fema l e s  e x anl i n e d  i n  the  f a l l  a n d  w i n t e r . Fema l e s  
w i t h  n ewborn  c u b s  e x am i n ed i n  w i n te r  d e n s a ve raged  a bo u t  1 0  kg 
h e av i e r i n  we i g h t  t h a n  tho s e  repo rted by E i l e r ( 1 98 1 : 6 4 ) . I t  i s  
s p e c u l ated t hat  the  h eavy we i g h t s  a n d  e x c e l l e n t  phy s i c a l  c o nd i t i o n 
o f  fema l e s i n  1 9 8 1 -82 , i n  add i t i o n  to the  re l at i ve l y  sma l l 
e n t ra n c e s  o f  m a ny tree  d e n s ,  may h ave  p r e v e nted  the  u se o f  some  
tre e s  a s  de n s . 
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Den U t i l i z a t i o n  by O f f spr i ng 
The  de n s  o f  5 ,  2-year  o l d  o f f s p ri n g  o f  rad i o- i n st rume nted 
femal e s  we re l ocated the wi n ter  a fter  fam i l y  b reakup  ( T ab l e 8 ) . 
Two o f  the 2-ye a r  o l d s se l ected tree de n s  even  tho u g h  the i r 
mothers  had been  i n  g round  den s when  they were yea r l i n g s .  The  
other  2-year  o l d  wh i c h den n e d  i n  a tree  had been  i n  a t ree den  a s  
a yea r l i ng a l so . 
T h ese  data s u ggest that  b l ac k  bea rs may l ea r n  the l oc a t i o n s  
o f  potent i a l  tree den s i te s  e a r l y  i n  l i fe .  That  t he se  l ea rn i n g 
behav i o r s  may occu r  dur i n g  the  f i r st  year  of  l i fe i s  s ugge sted by 
a c a s e  i n  wh i ch a fami l y  group  abandoned a grou nd den  i n  1981  and 
rede n n ed i n  sepa rate l oc a t i o n s .  The  ad u l t  fema l e  and  o n e  y e a r l i n g 
rede n n ed i n  a g r o u nd den , b u t  the other 2 yea r l i n g s  reden n ed i n  a 
s nag  tree  den  a p p ro x i mate l y  1 km away . E i l er ( 1 981 : 72 )  repo rted a 
s i m i l a r occu rrence  i n  wh i ch a y e a r l i n g e scaped from a den  dur i ng 
s edat i o n and wa s trac ked to a tree  den approx i mate l y  0 . 8  km away . 
De n  R e u s e  
O f  5 8  de n s  e x am i ned du r i n g  t he w i n te r s  o f  1 9 8 1  a nd 1 982 , 4 
( 7% )  were kn own to be reu sed . Two occas i on s  i nv o l ved fema l es wh i ch 
u t i l i z ed  the same den 2 yea r s  i n  succe s s i on . One  of  t he se  de n s  wa s 
a c h es t n ut o a k  tree den  a nd the other  was  a cav i ty i n  a tree 
s tump . 
J o h n so n  a n d  P e l ton  ( 1 98 1 )  f o u nd  n o  r e u s e  o f  36  den s  l oc ated 
i n  the GSMN P , a nd  re l a ted t h i s l ac k  of reu se  to  the  re l a t i ve 
abunda nce  of de n s .  Howev er ,  E i l e r ( 1 981 : 26 )  reported 3 i n sta n ce s  
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Table 8. De n typ e  u t iliz a t io n  by known  o f f s p r in g  ( 2-ye a r  old s )  o f  
adult female s i n  t h e  GSMNP  a n d  C N F ,  1980-1982 . 
De n  typ e  o f  mother  whe n 
O f f s p r i n g  D e n  typ e  a s  N o . o f  o f f s p r i ng wa s a :  
n o . 2-ye a r  old mothe r c u b  y e a r l i ng  
542 T r e e  F21 G ro u n d 1 G r o u n d  
5 3 8  G r o u n d  F l 3  U n k n ow n  G r o u n d  
539  T r e e  F l 3  U n kn own G r o u n d  
5 3 1  G r o u n d  47 6 G ro u n d 1  G r o u n d  
450 T r e e  429 T r e e 1 T r e e  
1 S o u rc e : E ile r ( 1981 : 110-111 ) . 
3 9  
o f  den  reu s e  o u t  o f  44 de n s  exam i n ed a n d  s ug g e sted that  the  reuse  
re f l ected the  l ac k  o f  abunda nce  o f  s u i tab l e de n s  i n  a re a s  wh i ch 
had b e e n  e x t e n s i ve l y  l og g ed ( E i l e r 1 981 : 73 ) . The  r e u s e  o f  de n s  
ob s e rved i n  t he p r e s e n t  st udy wa s not l i ke l y  re l ated t o  a s c a rc i ty 
o f  de n s  s i n c e  2 i n stances  o f  r e u s e  i n v o l ved  g round  den s  o f  wh i c h  
there  a re n o  apparent  shortage s i n  the GSMNP ( Jo h n s o n  a n d  P e l ton  
1 98 1 ) . One  occa s i on  of  tree den  reuse  i n v o l ved a t re e  d e n  i n  a n  
a rea  ( Pa r so n s  B r a n c h  Road ) wh i ch h a d  n ot been  heav i l y  l og ged 
( Lambert 1 9 6 1 ) ,  and  t h u s  l i ke l y  to  have s e v e ra l a v a i l ab l e  tree  
de n s .  
I t  i s  l i ke l y  that  a s  den  u t i l i za t i on  data  a re accumu l ated , 
t h e  known freq u e n cy o f  d e n  reu s e  w i l l  i nc re a s e . Howeve r ,  d i ffere n t  
i n v e s t i gators  h a v e  c o nd uc ted  den n i n g re search  every 2 years , 
r e s u l t i n g i n  i n h e r e n t  prob l ems  i n  a s s e s s i n g  the  reu s e  o f  den s .  
P e r h a p s  some method o f  mark i n g  a n d  mapp i n g c urrent l y  u t i l i zed den s 
s i m i l a r to t h e  tagg i ng o f  m a r k  t r e e s  ( Bu r s t  1 9 79 : 1 1 ) wi l l  mon i to r  
the  pattern s o f  den  u t i l i z a t i on a nd r e u s e  i n  t h e  G S M N P  a n d  C N F  
mo re e f f e c t i v e l y .  
De n Aba ndonme n t  
Fema l e s o f  a l l reproduct i ve condi ti o n s  occa s i o n a l l y  abando n ed 
de n s  after  be i ng d i s t u rbed by re s e a rc h e r s  ( Tab l e 9 ) . Fema l e s w i t h  
yea r l i n g s  o r  wi thout  o ff s p r i n g  that  de n n ed on  the  g ro u nd ( n=6 a nd  
4 ,  re spect i ve l y )  we re  the  mo st l i ke l y  to l ea v e  den s .  
Aban donment  o f  g round  den s  by fema l e s wi t h  yea r l i ng s  or  
w i thout  o f f s p ri n g  wa s appare n t l y  c a used  by the  approach of  the 
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Table 9 .  Freq uency of den abandonment due to research related 
di s t urbance of female blac k bea rs in the GSMNP and CNF, 
1 98 1 -82 , with re s pect to reprod uc tive condition and 
den type . 
Reprod uctive Den No. abandonment s 
c ondition type N (% ) 
Females with newborn Ground 20 2 ( 1 0 . 0% ) 
c ubs in winter den s 
Tree 9 0 (0 . 0% )  
Tot a  1 29 2 ( 6 . 9% )  
Females with yearlings Ground 6 5 (83 . 3% )  
in winter dens 
Tree 8 0 (0 . 0% )  
Total 1 4  5 ( 35. 7�6 ) 
Fema 1 es without Ground 4 3 (75 . 0% )  
offspring in winter 
dens Tree 1 0  3 (30 . 0% )  
Tot a l  1 4  6 (42 . 9% )  
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i n v e s t i gator to  sedate  t h e  o c c up a n t s  o f  t h e  d e n . I n  s i t u at i o n s  i n  
wh i c h the  den  wa s re l a t i v e l y  o p e n  w i th  severa l  route s o f  e sc a pe 
( i . e .  gro u n d  n e s t s  a n d  ca v i t i e s under overb l own l o g s ) , ars 
a b a n do n ed de n s  be fore tne  i nd i v i d u a l s c o u l d  be sedated  ( ) .  
When  t h e  gro u n d  d e n  ca v i ty w a s  c l o s ed a n d  w i th  1 e n tra n c e , bears  
aba n d o n ed de n s  a fter rec o v ery from sedat i o n ( n=9 ) , t h o u g h  
s ome t i me s  n o t  u n t i l 4 o r  5 day s  f o l l ow i n g  t he d i sturba n c e . 
Gro u n d  d e n n i n g  fema l e s  w i th  n ewborn c u b s  s e l dom abando n ed 
den s ( 2  o f  2 0 ) .  B o t h  o f  t h e s e  fema l e s were den n ed i n  o p e n 
c a v i t i e s ,  a n d  both  re turn ed to  t h e  den  w i t h i n  24 h o urs , rema i n i n g 
i n  t h e  den  w i t h  t h e  y o u n g  u n t i l s pr i n g  emerg e n c e. T h e s e  re s u l t s  
sug g e s t  that  fema l e s w i th  n ewborn c u b s  rema i n  w i th t hem , a n d  may 
to l erate a l i m i ted amo u n t  o f  d i st urba n c e . Howe v er ,  c o n t i n u ed 
h ara s sm e n t  may n o t  be to l erated . A gro u n d  n n i n g fema l e  w i t h  3 
c u b s , wh i c h had  d e n n ed c l o s e  to  a road c o n s truct i o n work area i n  
t h e  P i s g a h  N at i o n a l  Fore s t , NC , a b a n d o n ed h er d e n  a f t er fre q u e n t  
d i st urba n c e  by c o n struc t i o n  workers . 
O f  2 7  fema l e s e x a m i n ed i n  tree den s ,  o n l y  3 ( 1 1 . 1% )  abando n ed 
t h e i r  d e n s  d u e  to d i s turb a n c e  by re searc h er s .  A l l 3 fema l e s  were 
w i t h o u t  o f f s pr i n g , a n d  t h e  d e n s were aba ndo n e d  duri n g  a peri od  o f  
re l a t i v e l y  m i l d  wea t h er from 27 Febru ary t o  3 March 1 98 1 . T h e se 
f i nd i ng s  s up port t h o s e  o f  J o h n so n  a n d  P e l t o n  ( 1 98 1 )  t h a t  b l ac k  
bears  i n  tree n s  are l e s s  l i ke l y  to become  d i s turbed by 
re s e archer a c t i v i t i e s  ou t s i de t h e  den. 
The  p ny s i o l og i c a l  e f fec t s  o f  den  aba ndo n m e n t  on  b l a c k  bears 
i n  the  GSMN P a n d  C N F  are u n kn own. T i e tj e  and R u f f  ( 1 980 ) re p orted 
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that 4 b l ack bears in Al berta which abandoned dens l ost 5 6% more 
weight than bears which did not aban don dens . Bears in the GSMNP 
and CN F are l ess l i kel y to abandon tree dens than they are to 
abandon ground dens . This fact , and the fact that tree dens 
provide better insu l ati on from env ironmental el ements than ground 
dens (Johnson et a l . 1 9 7 8) ,  suggest that cavities in trees may be 
superior dens for b l ack bears in the Southern Appal achian Region . 
Breeding Season 
Trapping for b l ack bears was conducted from 15 June 1 980 to 
1 0  September 1 980 and from 2 1  June 1 98 1  to 1 2  September 1 981 . 
Forty-eight fema l es were captured 6 2  times during the 2 trapping 
seasons . Ages o f  femal es ranged from 1 to 1 6  years . 
Eight of 6 2  ( 1 2 . 9%) femal es were determined to be in estrus 
by v u l v a l  examination . Fema l es in estrus were captured from 22 
J une to 18 August. Two periods of estrus were noted: 1 )  22 June 
to 1 2  J u l y  (n=5) and 2) 5 August to 1 8  August (n=3) . No fema l e 
caught between these 2 periods (n= 1 2) displ ayed any signs of 
estrus . The ages o f  fema l es exhibiting signs of estrus during the 
first peak ranged from 3 to 8 years ( x=4 . 60 )  whi l e  the ages o f  
estrous femal es during the second peak ranged from 1 t o  4 years 
(x=2 . 33) . These observations concurred with earl ier observations 
from the GSMNP and CN F that signs of estrus may extend into August 
(Beeman 1 9 7 5:1 63 , Eil er 1 981:4 1 ). Eil er ( 1 9 8 1 : 81 )  a l so observed 
that the majority of femal es observed in estrus during August were 
2 years o l d. 
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The  b r e ed i n g  s e a s o n  o f  b l a c k  bea r s  i n  the  GSMN P a n d  C N F  
c o i n c i de s  w i t h  t h o s e  rep o rted i n  l i t erature  from o t h e r  a r e a s  
o f  t h e  b l a c k  b e a r ' s r a n g e . W i m sa t t  ( 1 9 6 3 )  p l aced  t h e  breed i n g  
s e a s o n  o f  N ew Y o r k  b e a r s  from l a t e  May t o  m i d  J u n e  b a sed  o n  the  
o b s e rv a t i o n s  of  a t re t i c fo l l i c l e s o r  c o rp o r a  l u tea  a r t h i s 
t i me . I n  M i c h i g a n  a n d  M i n n e so t a , mo st  b re ed i n g  a c t i v i t i e s o c c u r  
f r o m  m i d  J u n e  t o  m i d  J u l y  ( Er i c k s o n  a n d  N e l l o r 1 96 4 , Ro g e r s  
1 9 77 : 83 ) . 
B r eed i n g  a c t i v i t i e s a t  t i m e s  o t h e r  t ha n  the  n o rm a l  p e a k  
p e r i od h ave  b e e n  o b s e r v ed n o t  o n l y  i n  t h e  G S M N P  a nd  C N F  ( Be em a n  
1 : 1 6 3 , E i l e r 1 9 8 1 : 4 1 ,  th i s  s t u dy ) ,  but  i n  o t h e r  reg i o n s  o f  the  
b l a c k  b ea r ' s ra n g e  as  we l l .  B reed i n g a ct i v i t i e s  have  b e e n  
o b s e rv ed from  a s  e a r l y  a s  M a r c h  i n  M i n n e s o ta ( Ro g e r s  1 9 7 7 : 8 3 ) , t o  
a s  l a t e  a s  Aug u s t  i n  s e v e ra l  a re a s ( J o n ke l  a n d  C owa n 1 9 7 1 , P o e l ke r 
a n d  Ha rtwe l l 1 9 73 , R og e r s  1 9 7 7 : 8 3 ,  A l t 1 98 2 ) . 
O n  2 o c ca s i o n s  d u r i n g  the  p re s e n t  st udy , f e ma l e s were  
c a p t u red 2 o r  m o r e  t i me s  w i t h i n a few day s  o f  each  o t he r . O n  the  
f i r s t  o c c as i on , a 3 -year  o l d  fema l e  wa s determ i n e d  to be  i n  e stru s  
whe n  c a p t ured  o n  1 2  J u l y . Wh e n  c aptur ed a ga i n  o n  1 8  J u l y ,  s h e  
d i s p l ayed n o  s i g n s  o f  v u l v a l  swe l l i n g , i nd i c a t i n g  t h a t  t h e  e s t rou s  
c o n d i t i o n h a d  e nd e d . On  t h e  o t h e r  occ a s i o n , a  4-ye a r  o l d  f e m a l e  
wa s c a p t u red  3 t i me s , o n  2 0  J u l y , 2 5  J u l y ,  a n d  3 Au g u st . S h e  
d i s p l ayed s i g n s  o f  e s tru s o n l y  o n  2 5  J u l y .  
T h e  d u r at i on o f  e st r u s  i n  b l ac k  b e a r s  i s  n o t  we l l u n d e r s t ood 
or d o c ume n te d . Ammo n s  ( 1 9 7 4 )  r e p o r ted b r e ed i n g  ac t i v i t i e s  o f  
c a p t i ve b l a c k  b e a r s  l a s t i n g from  6 to 1 6  day s ( . 75 ) . T h e  b l ac k  
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bear  i s  c l a s s i f i ed a s  hav i n g a seasona l l y con stant  e s t ru s , a n d  
o v u l at i o n i s  be l i eved  t o  be i nduced by co i tu s  (W i m satt 1 96 3 , 
E r i c kson  a n d  N e l l o r 1964 ) . A s sumi n g  fema l e s  to be i nduced 
o v u l a to r s , a nd  a l so a s sum i ng that  ma l e s a re read i l y  a va i l ab l e  i n  
a n  area  whe n  a fema l e  come s i nto e stru s ( Rogers  1977 : 84 ) , t h e n  
d u rat i on of  e s t r u s  wou l d  l i ke l y be  s h o r t  ( E i l er 1 98 1 : 80 ,  Roge r s  
1 97 7 : 88 ) . Rog e r s  ( 1977 : 84 )  i nd i c ated that  t h e  l on g e st p er i od that  
a fema l e  wa s k nown t o  spend  wi th  a ma l e  wa s 5 days . He  a l so 
ob served that  ma l e s concentrated movem e n t s  i n  a re a s  o f  e st ro u s  
fema l e s d u r i n g  t h e  breed i n g  sea s o n . D u r i n g  t h e  1981  trapp i ng 
sea son  of  the  p r e s e n t  study , 9 o f  1 1  bears  t ra pped f rom 23 J u n e  to 
9 J u l y  i n  the S ug a r l a nds  Mtn . s ec t i o n  were m a l e s .  A l so i n  t h e  
a re a  were 9 rad i o- i n strume nted  fema l e s known not  to have  c ub s  of  
t h e  y ea r ,  a n d  thus  were  poten t i a l  c a n d i date s f o r  breed i n g . The  
p redom i n a n ce o f  ma l e  bea r s  t rapped dur i n g  t h i s  per i od may re f l ect 
the  c o nc e n t rat i on o f  moveme n t s  i nt o  areas o f  e strous  fema l e s 
( Ro g e r s  1 9 7 7 : 84 ) . 
Vagi n a l  smea r s . S i gn s  o f  e st r u s  have  trad i t i on a l l y been  
detected i n  fema l e  bears  by  v i sua l e x am i n at i on o f  t h e  v u l va .  
Howe ve r ,  because  o f  the  s ubj ect i v i ty i nv o l ved i n  i nterpret i n g  
t h e s e  exami n a t i o n s ,  vag i n a l  sme a r s  have  b e e n  u s ed i n  conj unct i on 
w i t h  v u l v a l  exam i n at i o n  by some i nv e s t i gators  ( Reyn o l d s  a n d  
Beecham 1980 , E i l e r 1981 : 44 ) . N a l ba ndov ( 1976)  stated t h a t  a l l 
mamma l s  exh i b i t  ova r i a n c h a n g e s  a s so c i ated w i th  the  e strous  cyc l e  
wh i ch are  ref l ected i n  cyc l i c  c h a n g e s  o f  the  va g i na l  e p i the l i um .  
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T u r n e r  ( 1 9 48 ) d e s c r i bed the  v ag i n a l  s me a r s  o f  t h e  rat  d u r i n g  
va r i o u s  sta g e s  o f  the  e s t r o u s  cy c l e :  1 )  E s t rou s  smea r s  c on s i s t ed 
a l m o s t  e n t i re l y  o f  c o rn i f i ed i th e l i a l  c e l l s ; o v u l a t i o n  t h e n  
o c c u r s  a b o u t  1 0  h o u r s a fter  the  o n s et o f  e s t ru s . 2 )  Sme a r s  t ake n  
d u r i n g  mete stru s c o n t a i n ed m a ny l e u ko cy t e s  w i t h a f ew  c o rn i f i ed 
c e l l s . 
Vag i n a l  sme a r s  a r e  mo st r e l i a b l e a s  i n d i c a t o r s  o f  e st r u s  i n  
mamma l s  wh i c h e x h i b i t s ho r t  r e o rodu c t i v e  cyc l e s ( i . e .  r a t s , 
ham st e r s ; Na l ba ndov  1 9 7 6 ) . Howe ve r ,  s i n c e  the  reproduct i ve cy c l e 
o f  fema l e  b e a r s  i s  2 y e a r s  i n  l e n g t h , v i n a l  sme a r s  may n o t  
re l i a b l e i n d i c a t o r s  o f  e s t r u s  ( E i l e r 1 9 8 1 : 84 ) . 
V ag i n a l  sme a r s  a nd corre s p o n d i n g v i s u a l  e x am i na t i o n s  o f  the  
v u l va were  c o l l e c ted from 4 3  adu l t fema l e s .  O f  6 fema l e s 
determ i n e d  to  be  i n  e stru s by v i s u a l e x am i n a t i o n , 4 ( 6 6 . 7% ) had  
c o r n i f i ed e p i t h e l i a l  c e l l s  p r e s e n t  i n  th e i r  va g i n a l  smea rs . 
Howe v e r , c o rn i f i c e l l s  were  a l s o  p r e s e n t  i n  the  v a g i n a l  smears  
o f  2 3  o f  3 7  ( . 2% ) f ema l e s dete rm i n by v i s u a l e x am i n a t i o n  n ot 
to be i n  e s t ru s . O n e  l a c t a t i n g fema l e  t r a p  o n  4 S e ptember  1 980 
had  c o rn i f i ed c e l l s  p re s e n t ,  a l t h o u g h  the n umbe r s  o f  c e l l s  we re 
few . 
Compar i so n s  between  o b s e r va t i o n s  o f  e s t r u s a nd t h e  p re s e n ce 
o f  c o r n i f i ed c e l l s  i n  t h e  v ag i na l  sme a r  i n d i c at ed t hat  t h e  2 
d i s tr i bu t i o n s  were  i n dep e n d e n t  o f  e a c h  o t h e r  ( . 0 0 7 , P>0 . 9 ) . 
E v e n  whe n  v ag i n a l  sme a r s  w i th o n l y  a few c o r n i f i ed c e l l s  we re  
c l a s s i f i ed a s  n o t  ha v i n g c o rn i f i ed c e l l s  ( n= 1 2 ) , t h e  2 
d i s tr i b u t i o n s  we re f o u n d  to  b e  i n d e p e n de n t  ( G=0 . 43 5 , P>0 . 5 ) .  The  
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re s u l t s s u g g e st , t h e refore , t h a t  wheth er o r  n o t  a va g i n a l  sme a r  
h a s c o r n i f i ed c e l l s  i s  i n d e p en d e n t  o f  wheth er  o r  n o t  a fema l e 
s ho w s  p rom i n e n t  s i g n s  o f  e s t ru s .  
T h e  c o r n i f i cat i o n o f  t h e  v a g i na l  e p i t h e l i um re s u l t s  f rom 
i nc r e a sed  l e v e l s o f  e stro  n b e i n g re l e a sed by the o v ary 
( N a l b a n dov 1 9 76 ) . E st r ad i o l - 1 7 8 c o n c e nt r at i o n s  were a s s ayed  f rom 
t h e  b l o od s e rum  samp l e s o f  n o n - l a cta t i n g a n d  9 l ac t a t i n g adu l t 
fema l e s trapped  d u r i n g  t h e  s ummer s  o f  1 98 1  a n d  1 982 ( Ap pe n d i x B ) . 
Fema l e s o b s e rv e d  i n  e s tru s ( x= 9 2 . 3  pg/m l ) had  s i g n i f i ca nt l y  h i g h e r  
( P< 0 . 0 0 1 )  l e v e l s o f  e s tra d i o l  t h a n  fema l e s s h owi n g  n o  s i g n s  o f  
e st r u s  ( x=5 1 . 3  p g / m l ; Tab l e  1 0 ) . H owe ve r ,  n o  s i g n i f i c a n t  
d i f f e re n c e s  i n  e st r ad i o l  l e v e l s were  o b s e rv ed i n  c ompar i s o n s  o f  
fema l e s  w i th  c o r n i f i ed c e l l s  p re s e n t  i n  va g i n a l  sme a r s  t o  fema l e s 
w i t h o u t  o r  w i t h  o n l y  a few c o r n i f i  c e l l s  ( P>0 . 9 ) . S u rp r i s i ng l y ,  
e st r ad i o l  c o n c e n t rat i o n s  i n  fema l e s wh i c h had v a g i n a l  s me a r s  w i th  
no  c o rn i f i ed c e l l s  ( x=79 . 7  p g /m l ) were s l i g ht l y ,  b ut  n o t  
s i g n i f i ca n t l y  h i g h e r  ( 0 . 0  P<O . lO )  t h a n i n  fema l e s  w i t h moderate  
to s u b s t a n t i a l  n umber s  of  c o rn i f i ed c e l l s .  
E i l e r ( 1 9 8 1 : 84 )  f e l t  t h a t  va g i n a l  s me a r s  were u s e f u l  i n  
v e r i fy i n g  t h e  e s t r o u s  c o nd i t i o n o f  fema l e s  w i t h  p ro m i n e n t  v u l va l 
swe l l i n g . R ey n o l d s a n d  B eecham  ( 1 980 ) l i ev e d  that  v a g i n a l  
sme a r s  were more  re l i a b l e  fo r detect i n g  the  e s t r u s  c o n d i t i o n  t ha n  
v i s u a l o b s e rvat i o n s  o f  v u l va .  C o rn i f i e d c e l l s  a p p a re n t l y do  
n ot  p e r s i s t i n  t he  va g i n a a ft e r  c omp l et i o n  o f  the  e s tro u s  p h a s e  
( R .  M u r p h re e , p e r s . comm . ) ,  b u t  c h a n g e s  i n  t h e  v a g i n a l  ep i th e l i um 
may l ag be h i nd o v a r i a n  c h a n g e s  f or  a s h o rt t i me ( E i l er 1 98 1 : 8 5 ) . 
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T a bl e  1 0 . M e a n  a n d  s t a n d a rd de v i a t i o n  ( S D )  o f  s e r um e s t ra d i ol-
1 7 8  c o n c en t ra t i o n s  of f emale blac k  b ea r s  i n  t he  GSMNP  
and  CN F .  
E s t rad i ol- 1 7 8  
c o n ce n t ra t i o n  (pg/ml2 
Ca t e g o ry x S D  T P ro b  
Femal e s  w i th  p r om i n e n t s i g n s  9 2 . 3  44 . 4  
o f  e s t r u s  
4 . 0 0 5  P< O . OOl 
Female s w i t h o u t  p rom i n e n t  5 1 . 3 33 . 0  
s i g n s  o f  e s t r u s  
Va g i n al s :ne a r s  w i th  s ub s t a n t i al 5 9 . 3  3 4 . 7  
n um b e r s  o f  c o r n i f i ed ce l ls 
0 . 03 3  P>0 . 0 5 
Va g i n al s :nea r s  w i t h o u t  or  w i th 59 . 6  3 8 . 7  
o nly a few c o r n i f i ed ce l ls 
Va g i n a l  sme a r s  w i t h o u t  7 9 . 7  43 . 4  1 . 7 4 6 1 P>0 . 0 5 
c o rn i f i ed c e  1 1  s 
1 T  va lue c ompared  b e twee n  va g i n al smea r s  w i th  s u b s t a n t i al n umbe r s  
o f  c o rn i f i e d cell s a n d  va g i n al s me a r s w i t h o ut c o rn i f i ed c e l ls . 
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Although the presence of cornified cells in vagina l smears of 
females without prominent vulva l swellings could reflect this 
delay in vaginal response, it seems unli kely that this could 
explain the presence of cornified cells in all the vagina l smears 
( n=23) of adult fema l es with no corresponding pro minent vulval 
swellings . Furthermore, most ( n=16 , 6 6 . 7%) vaginal smears with 
cornified cel l s  were co l l ected from femal es during August and 
September , after the observed peak period of estrus ( Fig . 3) . 
The reliabi l ity of the vaginal smear technique as a means of 
detecting estrus in black bears appears to be suspect given the 
preceding observations . Sanderson and Nalbandov ( 1973) obtained 
estrous type vaginal smears from raccoons over a period of several 
weeks during the breeding season , and concluded that they were 
unreliable for determining estrus . The results of the present 
study indicate that estradiol l evels may be the best means of 
detecting and verifying estrus in the blac k bear. However , 
additional data need to be obtained from captive individuals to 
establish basel ine levels of estradiol at different stages of the 
estrous cyc l e  and under different reproductive conditions . 
Baseline leve l s of progesterone, another steroid hormone , varied 
between individual bl ack bears and between pregnancies of the same 
individual ( Foresman and Daniel 1983) . Baseline estradiol l eve l s  
in bears may be variable also . 
Lactation . Lactating females ( n=11) were trapped from 24 May 
to 4 September . There was some evidence that weaning may occur in 
A ugust . One non-lactating female trapped on 23 August 1980 was 
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Figure 3 .  Comparison of observations of th e estrous condition and 
presence of cornified cells of vaginal smears from black 
bears trapped duri n0 the summers of 1 980 and 1 981 . 
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l ater  found to be  w i th  a cub . Al though  the c ub  wa s n o t  obse rved 
at the t i me of trap p i n g ,  i t  p robab l y  wa s c l o se by . 
The date o f  we an i ng o f  b l a c k  bear c ub s  i s  n o t  we l l 
doc ume n ted . R a u s c h  ( 196 1 )  re ported that  cubs  a re wea ned at the 
age of 5 mon t h s  ba sed on  h i s obse rvat i o n s  that the  c u b s  of 2 
l i tters  c o l l e cted o n  28 J u n e  and 6 J u l y  had s o l i d  food s a nd  no  
m i l k  i n  the i r stomach s .  H owever , i n  Monta n a , wea n i n g h a s  been  
repo rted to o c c u r  i n  Septembe r whe n  the  cubs  a re 7 mon t h s  o l d  
( J o n ke l  and  Cowa n 1 97 1 ) . Data c o l l ec ted i n  the pre s e n t  study 
i nd i cate  that wea n i ng oc curs  i n  Augu st  or  Septembe r ,  o r  p o s s i b l y  
l a ter . I t  s eem s u n l i ke l y  that wea n i ng wou l d  o ccur  i n  J u l y , s i nce  
t h e  s u c k l i n g s t i mu l u s  of  l actat i o n  i s  b e l i ev ed to  i n h i b i t  e strus  
i n  b l a c k  bea r s . Fema l e s that we a n ed the i r c ubs  i n  J u l y  wo u l d  
po s s i b l y  come i n to  e strus  a n d  breed aga i n  that summe r .  E r i c kso n  
a n d  N e l l or ( 1 9 6 4 )  reported that  a fema l e b l a c k  bea r trap ped o n  29  
J u l y  and  w i t h he l d  f rom her  cubs  for  2 day s , g ave  b i rth  the  
fo l l ow i n g  year . 
Lac tat i ng f ema l e b l a c k  bears  trapped dur i n g  1 980-81  ranged i n  
a ge  f rom  4 to 1 3  years  ( x=7 . 2 ) . M o st ( 8  o f  1 1 )  were f rom  5 to 9 
yea r s  ( m i d- ag e )  o f  age . E i l e r ( 198 1 : 87 )  reported that  a h i g h e r  
proport i on o f  o l d-age  ( 10+ y e a r s )  fema l e s  were l ac tat i ng t h a n  
m i d-age fema l e s .  H owever , d u r i n g  t h e  p re s e n t  study , there wa s n o  
s t at i s t i ca l l y  s i g n i f i c an t  d i f feren c e  between  the  2 a g e  g ro u p s  ( G  = 
0 . 70 ,  0 . 1  < P < 0 . 5 ) .  E i g h t  of  2 1  m i d-age  fema l e s a n d  2 o f  9 
o l d-age  fema l e s  were l actat i n g .  O n l y  1 o f  1 3  young-age  ( 3 -4 
years ) fema l e s trapped were l actat i ng .  
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The  m i n � m um rep rodu ct i v e a g e  wa s d e f i n ed a s  t h e  e o f  the  
fema l e  a t  the  b i rth  of  h e r  f i r s t  l i tte r .  M i n i mum r e p roduc t i v e a g e  
wa s d o c umen t e d  fo r 6 fema l e s d u r i n g  t h e  st udy ( Tab l e  1 1 ) .  T h e  
a v e ra g e  a g e  a t  f i r st re p roduc t i o n  wa s 5 . 2  y e a r s  ( ra n g e  4- 6 ) . 
O v e ra l l ,  t h e  a g e  a t  f i r st  re p roduc t � o n re po rted  i n  t h i s s tudy 
c o n c u r s  w i th e a r l i e r re p o r t s  t h a t  fema l e  b l a c k  bea r s  i n  t h e  GSMNP 
and  C N F  atta i n  rep roduc t i ve  m a tu r i ty a t  4 o r  5 y e a r s  o f  a g e  ( E i l e r 
1 98 1 : 5 0 -5 1 , 86-87 ) .  
T h e  m i n i mum rep roduct i v e a g e  o f  b l a c k  be a r s  ha s b e e n  
i n v e s t i gated  i n  ma ny re g i o n s  b y  o b s e r v a t i o n s  o f  ma rked i nd i v i d ua l s 
( J o n ke l  a n d  C owa n 1 9 7 1 , Rog e r s  1 9 7 6 , B eecham 1 9 80a , Graber  
1 9 8 1 : 95 )  a nd  e x am i n a t i o n  of  reproduc t i v e  t rac t s  ( Er i c k s o n  a n d  
N e l l e r 1 9 6 4 , C o l l i n s  1 9 7 3 , P o e l k e r  a n d  Ha rtwe l l 1 9 7 3 , S a u e r  1 975 , 
Ko rde k  a n d  L i n d z ey 1 980 , L i n d z ey a n d  Me s l ow 1 9 80 ) . S u c c e s s f u l  
b r e ed i n g i n  w i l d  b l ac k  bea rs  a t  the  a g e  o f  2 1/2  y e a r s  ha s been  
r e p o rted  i n  N o r t h  C a ro l i n a ( C o l l i n s  1 9 7 3 ) , Te n n e s s e e  ( E i l e r 
1 9 8 1 : 5 0 ) , C a l i fo r n i a  ( G raber  1 9 8 1 : 9 5 ) , a n d  P en n sy l v an i a  ( Ko rd e k  
a n d  L i n d zey 1 9 80 ) , b ut  o c c u r s  c ommo n l y  o n l y  i n  P en n sy l va n i a  where  
38% of  2 1 /2-year  o l d  fema l e s breed ( Ko rd e k  and  Li n dzey 1 9 80 ) . 
T h e  m i n i mum rep rodu c t i ve  a g e  o f  fema l e s  i n  t h e  GSMNP a n d  C N F  i s  
s i mi l a r to t h a t  i n  m o s t  o t h e r  are a s ,  b u t  a p p e a r s  to a l i tt l e 
y o u n g e r  tha n  i n  Mo n t a n a  ( J o n ke l  a n d  C owa n 1 9 7 1 )  a n d  I d a h o  ( Be e c h a m  
1 98 0 a ) .  
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Ta b l e 1 1 . M i n i mum reproduc t i v e  a g e s  d e t e rm i n ed f o r  fema l e b l a c k  
be a r s  i n  t h e  G S M N P  a n d  C N F ,  1 9 80-82 . 
t i o n o f  A g e  a t  Year  o f  
B e a r  n o . s tudy area  f i r s t.  1 i tt e r  f i r s t  l i tt e r  
486 B o t e  Mtn . 6 1982 
484 B o t e  Mtn . 4 1982 
47 1  Bote  Mtn . 6 1982 
459 Bote  Mtn . 6 1982 
456 S u g a r  l a n d s  Mt n . 5 1982 
3 26 T e l l i c o  4 1982 
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D u r i n g  p r e s e n t  s tudy , m i n i mum re p rod u c t i v e  a g e  a p p e a red 
to i n f l u e n ced  m o s t  �Y the  h a rd ma st  c rop  of the f a l l p re c ed i n g  
d e n n i n g .  H a b i tat  q u a l i ty a n d  p o p u l at i o n d e n s i ty may a l s o be  
i n v o l v e d . D u r i n g the  w i n t e r  o f  1 980-8 1 , wh i c h f o l l owed a f a l l 
w i t h p o o r  m a s t  y i e l d ,  1 ,  4-y e a r  o l d  fema l e  re p roduced  i n  t h e  CNF  
( C i t i c o ) , a n  a r e a  of  l ow den s i ty o f  r s  ( J o h n s o n  1 98 2 , u n p u b l . 
data ) . No  4 - o r  5-year  o l d  fema l e s ( n=4 )  i n  t h e  GSMNP  ( h i g h bea r 
d e n s i ty )  rep roduced  d u r i n g  1 980-8 1 . Du r i n g  t h e  w i n t e r  o f  1 98 1 -82 , 
wh i c h f o l l owed a n  e x c e l l e n t  fa l l h a rd ma st c ro p , a l l ( ) 4- and  
5 -y e a r  o l d  fema l e s o f  :he  GSMNP  a nd  CN F rep roduced . 
I t  i s  n o t  kn own i f  the  l ow d e n s i ty o f  bea rs  o r  the  p o s s i b l y  
s u p e r i o r  h a b i t at  q u a l i ty o f  the  C N F  were  re l to the  bette r 
rep roduct i v e  p e r f o rm a n c e  o f  fema l e s i n  C N F  i n  1 9 8 1 . I n  M i n n e s o t a , 
f a i l u re s  t o  rep roduc e =a l l ow i n g  y e a r s  o f  s c a rc e  food were  mor e 
c ommon  i n  a r e a s  o f  v i rg i n t i mber  ( Ro g e r s 1 9 76 ) . Re s u l t s  o f  the  
p re s e n t  s tudy i nd i c a t e  that  the  m i n i mum r e p roduc t i v e  age  o f  
fema l e s i n  C N F may l ower  t h a n  i n  GSMN P . T h i s i s  e v i d e n ced  
f u r t h e r  by E i l e r ' s ( 1 9 8 1 : 5 0 )  r e p o rt of  2 fema l e s  i n  t h e  CNF  wh i c h 
r e pr oduced a s  3 -year  o l d s . H owe v e r , t h e  r e p roduc t i v e  p e r f o rma nce  
o f  fema l e s i n  both  GSMNP  a n d  C N F  d u r i n g  1 982 s up p o rt t he  
hy p o t h e s i s  o f  R o g e r s  ( 1 9 7 6 )  t hat  n u tr i t i o n a l  f a ctors  l a rge l y  
m i n i m i z e the  e f fe c t s  o f  s oc i a l  s t r e s s  o n  m i n i mum rep ro d uc t i v e  ag e .  
E v i de n c e  p re s e n ted by s e v e ra l i n v e st i g a t o r s  i n d i c at e s  t h a t  
re p r odu c t i v e  pa ram ete r s , i n c l u d i n g  m i n i m um rep ro d uc t i v e  a g e , a r e  
l a r g e l y  i n d e p e n d e n t  o f  d e n s i ty ,  a nd l a r g e l y  p e n de n t  o n  n u t r i t i o n  
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(Rogers 1976 , Beecham 1980a, Bunnel l and Tait 1981, You ng and R u ff 
1982) . 
Reprodu ctive Cyc l e  
The reprodu ctive cyc l e  in femal e bl ack bears is normal l y  2 
years, but l onger interval s  between l itters have been reported by 
several investigators (Jonkel and Cowan 1971 , Beeman 1975:168, 
Rogers 1976 , Reynol ds and Beecham 1980, Eil er 1981 : 5 4, Al t 1982) . 
Detai l ed information on the reprodu ctive bio l ogy of femal e b l ac k  
bears has been col l ected in the GSMNP and CNF since 1978 (Ei l er 
1981, this study) resu l ting in the doc u mentation of reprodu ctive 
histories of 23 femal es (Tabl e 12 , Appendix D) . Thirteen 
interval s  between l itters were observed for 12 individual s from 
1978 to 1982 (Tab l e 13). O c casions in which a femal e l ost a 
l itter of newborn c u bs and gave birth again the fol l owing year 
were considered to be the same as a reprodu ctive skip . For 
exampl e, 1 femal e gave birth to 2 c ubs in 1979, but l ost them . 
She gave birth again in 1980 , suc cessfu l l y rearing the c ubs, and 
then gave birth in 1982 ; this was considered a 3 -year interval .  
The average interval between l itters was 2.15 years with the 
majority (11 of 13) bei ng 2 years in l ength (Tab l e  13). 
Most (10 of 11) of the 2-year interval s  comprised femal es 
giving birth in 1980 and then again in 1982 (Tabl e 13). Both of 
these years were prec eded by fal l s  with good crops of hard mast . 
Converse l y, the winters of 1979 and 1981 were preceded by poor 
yiel ds of mast . Reproductive skips were noted during both 1979 
5 5  
T a b l e  1 2 .  S u m m a ry o f  re p ro d uc t i ve h i s t o r i e s o f  2 3  f ema l e  b l a c k  b e a r s  I n  t h e G SM N P  a n d  C N F .  1 9 7 8 - 1 9 8 2 .1 
A g e  i n  
B e a r n o . 1 97 8  
H l  1 3  F EB --- J AN --- 22 MAH ---- �� F E B 1 7  MAB 
w/ c u b s  w/y r I n g s  wj c u b s  w / y r l  n g s  'rl / C U O S  
1!6 3  1 1  9 J U L  1 1 S E P  6 MAH 3 S F P  3 �1AH 1 6  MAH 
E s t ru s  I a c t . w/ y r l n g s  'rl/0 w / o  J 'rl/ C U O S  
4 8 7  1 3 -- ---- 6 J U N  1 8  MAR 11 S E P  2 8  J AN 2 t1AH 
'rl/0 'rl/C U O S  I a c t .  w/ y r  I n g s wj c u b s  
4 7 6  5 11 S E P  1 7  MAR 8 MAR 211 J AN 1 11 M A H  
'rl/0 'rl/ C U O S  'rl/ C ll b S  wjy r· l n g s  wj c u b s  
4 8 6  2 --- :> J U N  3 MAR 1 7  F EB 1 6  f E B  
'rl/ 0 'rl/ 0 'rl / 0  w; c u b s 4  
ljf\ 1+ c u b  -- --- MAH --- 2 0  f E B 1 8  J U L  1 7  F E B  U1 'rl/0 'rl/ 0 'rl / 0  w j c u b s 4 0> 
4 7 1  2 3 S E P  2 3  A U G  7 MAH 5 S l P  2 7  F F B 2 2  I [ 8  
'vl/0 'rl/ 0 'rl/0 'rl/ 0  'rl / 0  wj c u b s 4  
4 59 2 28 J U N MAH 25 MAH ---- 2 7  F E B  1 f AUG 2 0  F L B  
'rl/0 'rl/ 0 'rl/0 'rl/ 0 'rl/ 0 w / c u tJ s 4  
F 2 1  It --- 1 8  J U L  1 0  M A H  6 F EB 1 J U L  8 M A H  
e s t ru s  w / c u b s  w/y r· l n g s  'rl/ 0  'rl/ C U IJ S  
F l 3  1 2  --- 2 1� J U L  6 F EB 2 1  A U G  2 5  f Hl 
a c t .  w j y r· l n g s  'rl/0 w / c u tJ s  
1 6  3 -- ---- 2 3  A U G  2 3  I [8 --- 1 MAf{ 
I a c L .  w/ y r l n g s  w / c u b s  
4 5 6  1 --- 9 AUG 1 2  J U L  2 1  F EB 9 J U L  1 5  f l B 
'rl/0 e s t ru s  'rl/0 e s t r u s  w j c u tJ s 4 
5 1 9  lj -- - - --- 1 0  AUG 1 3  F E B  --- 8 HAH 
a c t . w /y r l n g s  w ; c u tl s  
01 
-...1 
T a b l e  1 2  ( co n t i n u e d ) 
i n  
Be a r  n o .  1 
Da t e  c a Q t u r e d  o r  e xa m i n e d  i n_ w i n t e r· d e n  a nd n:� r o d u c t i ve s t a t u s
2 
W i n t e r 1 7 8  Su mrne r· 1 7 8  _W i n t e r'79 _ �jjmme r
1 7 9  W i n t e r 8 0  Summe r· ' 8 0  W i n t e r 1 8 1  
5 2 0  9 2 0  AUG 
¥1/0 
522 9 --- --·�- 2 1  AUG 
¥1/0 
5 1 1� 1 2  --- --- 1 4  J U L  
¥1/ 0  
11 0 8  7 1 7  AUG --- 2 1  J UN 
¥1/ 0  I a c t .  
4 2 9  3 6 J U N  2 9  I L B  2 1  ,J U N  
w / o  wj c u b s  I a c t .  
1 1 2 1 3 29 J U N  3 1  MAR ? 0  J U L  1 9  MAH 1 6  J U N  
e s t ru s  W/0 e s t  n 1 s  wjc u tJ s 4  I a c t .  
112 11 6 1 0  AUG ____ ,, _  3 0  AUG 
I a c t .  w/o 
306 3 --- 2 5  ,J U N  1 11 f-1AR 1 1  J U N 26 MAH 1 4  J U L  
w/o W/0 W/0 w/c ub s 4  I a c t .  
3 2 6  c u b  7 ,J U N  2 6  J U N 
W/0 W/0 
3 1 0  1 --- 1 3  AUG 
¥1/ 0  
1 Sou rce o f  d a t a f rom 1 9 7 8  t o  W i n te r  8 0 : E i l e r  ( 1 9 8 1 : 1 1 2 - 1 1 7) . 
2 R e p r o d uc t i ve s t a t u s  c l a s s i f i ca t i o n s : l a c t .  l a c t a t i n g i n  s umme r t ra p ;  
w/ c u b s  w i t h c u b s  i n  w i n t e r d e n ;  w/o w i tho u t  o f f s p r i ng ;  
w/y r l n g s  w i t h yea r !  i ng s  i n  w i n t e r d e n . 
3 R e p rod uc t i ve s k i p .  
4 F i r s t  l i t t e r .  
2 3  F E B  
w/ c u b s  
7 NAH 
w/ c u b s  
2 1  F E B  
¥1/ 0  l 
3 0  J AN 
wjy r· l 11 g s 
3 0  J AN 
w/y r  I n g s 
29 J AN 
w / y r I n g s  
2 11 F E f3  
wj y r l n g s  
2 5  F E B  
¥1/ 0  
2 11 F E B  
w / c u b s 
S u m m e r 1 8 1 -W i n t e  r· 1 8 2  
1 0  F E B  
Vl/ 0  
1 11 J AN 
w/ c u b s  
2 I'IAH 
w/ c u b s  
1 8  F f B 
w/ c u b s  
5 J U N  1 8  H B  
W/0 wj c u b s  
1 8  AUG 11 f-1Af\ 
¥1/0 w/c u b s  
21 1  MAY It HAf( 
I a c t .  wjy r· i n g s  
1 5  AUG 19 NAH 
w / o  w/c u b s  
2 3  f E B 
wjy r l ng s  
T a b l e  1 3 .  I n t e rva l s  b e tw e e n  l i t t e r s fo r f e ma l e  b l a c k  b e a r s  i n  t h e  G S M N P a n d CN F ,  1 9 7 8 - 8 2 . 
B e a r W i n te r  o f  W i n t e r o f  W i n t e r  o f  N o . o f  To t a l n o . I n t e r'va I 
n o . 1 s t I i t  te r 2n d I i t  t e  r 3 r'd I i t  t e  r s u c c e s s f u l o f  yea r'S b e twe e n  
I i t  t o r s  l i t t e r s 
( x )  
H l  1 9 7 8  1 9 8 0  1 9 8 2  2 4 2 . 0  
4 6 3  1 9 7 9  1 9 8 2  1 3 3 . 0  
LJ 8 7  1 980 1 9 8 2  1 2 2 . 0  
IJ 76 1 9 7 9  l 1 9 80 1 9 8 2  1 3 3 . 0  
F2 1 1 9 80 1 9 8 2  1 2 2 . 0  
f 1 3  1 9 80 1 9 8 2  1 2 2 . 0  
F6 1 9 80 1 9 82 1 2 2 . 0  
Ul 
co � 1 9  1 980 1 9 8 2  1 2 2 . 0  
IJ 0 8  1 9 80 1 9 8 2  1 2 2 . 0  
IJ 2 9  1 980 1 9 8 2  1 2 2 . 0  
42 1 1 9 80 1 98 2  1 2 2 . 0  
3 0 6  1 980 1 98 2  1 2 2 . 0  
T o t a l s  1 3  2 8  2 .  1 5  
l F a i l e d t o  ra i s e c u b s  t t1 ro ugh f i r s t  yea r' ( E i l e r  1 9 8 1 : 3 8 ) .  
( E i l e r 1 98 1 : 5 4 )  a n d  1 9 8 1  ( �h i s s t u dy ) . O f  1 2  a du l t  f em a l e s ( 4+ 
y e a r s  o l d ) e x p e c t e d  to  red u c e  i n  1 98 1 ,  o n l y  6 d i d  s o . O f  t h e  6 
fema l e s t h a t  fa i l e d t o  r e p r o d u c e , l wa s a 4 -y e a r  o l d ,  3 w e r e  
5 -y e a r  o l d s ,  a n d  2 w e re 1 4 -y e a r  o l d s . 
p ro d u c t i o n i n  t h e  t e  M t n . s ec t i o n  o f  t s t udy a re a  
a p p e a r e d  t o  h a v e  b e e n  a ed m o s t  s e v e re l y  by t h e  p o o r  m a s t  
y i e l d  o f  1 98 0  ( Ta b l e 1 4 ) . O f  4 a d u l t  f e ma l e s e x p e c t e d  t o  
r e p r o d uc e , n o n e  d i d .  I n  t h e  S u g a r l a n d s  M t n . s e c t i o n , 2 o f  4 a du l t  
f e ma l e s  re p ro d u c ed , a n d  i n  t h e  P a r s o n s  B r a n c h  Rd . a n d  Te l l i c o 
s e ct i o n s  a l l 4 a d u l t l e s h a d  c ub s  i n  1 1 .  M a s t  s u rv ey d a t a  
c o l l e c t e d  i n  t h e  G S M N P  a n d  C N F  d u r i n g  1 98 0  ( Ta b l e 1 4  a n d  A p p e nd i x  
A )  i n d i c a t e d  t h a t  t h e  s C o v e / B o t e  M t n . s e ct i o n s  e x p e r i e n c e d  
l ow e r  m a st y i e l d s t h a n  P a r s o n s B ra n c h  Rd . a n d  T e l l i c o  
s e c t i o n s .  A l t h o u g h  t h e  s u r v ey r o u te o n  C o v e  M t n / B u l l h e a d  T r a i l 
( adj a c e n t  t o  S u g a r l a n d s  M t n . )  i n d i c a t e d  l ow m a s t , f i e l d 
o b s e rv a t i o n s  o n  S u g a r l a n d s  M t n . d e t e c t e d  t h e  p r e s e n c e  o f  p o e  s 
o f  c h e s t n u t  o a k  a c o r n s .  r n s  w e r e  n o t  o b s e rv d u r i n g  t h e  f a l l 
o n  B o t e  M t n . A l s o , t h e  w i l d  g r a p e c r o p  o f  1 98 0  wa s l ow ,  o f fe r i n g  
l i tt l e n ut r i t i o n a l  c om p e n s a t i o n  f o r  t h e  p o o r  m a s t  y i e l d  ( E i l e r 
1 9 8 1 : ) . 
S e v e r a l i n v e s t i g a to r s  h a v e  s u g g e s te d  t h a t  r e p ro d u c t i v e s ki p s  
i n  f e ma l e b l a c k  b e a r s  a re r e l at to n u tr i t i o n a l  f a c to r s  ( J o n ke l  
a n d  C ow a n  1 97 1 , R o g e r s  1 97 6 , Rey n o l d s  a n d  B e e c h a m  1 98 0 , E i l e r 
1 9 8 1 : 5 4 ) . D u r i n g  a 3 y e a r  p e r i o d o f  f o o d  s c a rc i ty i n  M i n n e s ot a , 
i n t e rv a l s b e twe e n  l i tt e r s  we r e  a s  l o n g  a s  4 y e a r s  ( Ro g e r s  
1 97 7 : 1 7 0 ) . A l s o , t h e  p e r c e n ta g e  o f  a d u l t  f e ma l e s  w i t h  c u b s  i n  
5 9  
Ta b l e 1 4 .  Rep roduct i v e p e r f o rma n c e o f  adu l t fema l e b l a c k  b e a r s  
( 4+ y e a r s  o l d )  a n d  t h e  a s soc i a t e d  f a l l h a rd ma s t  ra: i n g  
d u r i ng  t h e  w i n t e r  o f  1 980-8 1 , w i t h r e s p e c t  t o  s e c t i o n  
o f  the  s t udy a r e a . 
S e ct i on o f  
st udy a rea 
S u g a r l a n d s  M t n . 
B ote  Mt n .  
P a r s o n s  Bran c h  Rd . 
T e l 1 i c o  ( CN F )  
1 9 80 f a l l 
ma s t  r a t i n g  
1 . 44 1  
1 .  80  
3 . 1 4 
2 . 80 
No . o f  adu l t 
fema l e s e x p e cted  





N o . o f  





b i r t h  
1 Ma s t  s u rv ey c o n du c t e d  o n  C o v e  M t n .  a n d  Bu l l he a d  T r a i l ,  adj a c e n t  t o  
S u g a r l a n d s  M t n . 
6 0  
s p r i n g  a nd  s umme r  a p p e a r s  to  be  c o r re l ated  w i t h t h e  y i e l d  o f  ma s t  
f rom the  p re v i o u s  fa l l  ( J o n ke l  a n d  C owan  1 9 7 1 , Rog e r s  1 9 7 6 , Beeman  
a n d  P e l to n  1 9 80 , R ey n o l d s  a n d  ham 1 98 0 ) . 
F l u ctu a t i o n s  i r,  ye a r l y  m a s t  ra t i n g s  a n d  l e ve l s o f  
p roduct i v i ty i n  b l a c k  b e a r s  a re s h own i n  F i g s . 4 - 6 . R e g re s s i o n 
a n a l y se s  i n d i c at e d  that  both  t h e  tota l o a k  ma s t  rat i n g ( R 2=0 . 40 ,  
P < 0 . 0 7 )  a n d  t h e  wh i t e o a k ma s t  r at i n g  ( R 2 =0 . 3 7 ,  P<0 . 09 )  we r e  
l i n e a r l y  r e l a ted  t o  t h e  p e rc e n  o f  l a cta t i n g ad u l t  fema l e s 
t ra p ped  d u r i n g  t h e  s umm e r  ( Ta b l e 1 5 ) . Red o a k  ma s t  rat i n g wa s n o t  
re l a ted  ( P< 0 . 5 2 ) . T h e  wh i te o a k m a s t  r at i n g  demo n stra ted t h e  be s t  
l i n e a r  re l a t i o n s h i p  t o  the  p e r c e n t a g e  o f  adu l t  fema l e s  w i t h 
n ewbo rn  c u b s  i n  w i n t e r  de n s  ( R2 . 86 ,  P<0 . 08 ) , for  wh i c h 
w e re o n l y  4 y e a r s  o f  data (Ta b l e  1 5 ) . A l t h o u g h  n o n e  o f  the s e  
l i n e a r  re l a t i o n s h i p s  wa s sta t i s t i c a l l y  s i g n i f i c a n t , t hey 
n o n e t he l e s s  s ug g e s te d  the  i mp o rta n c e  o f  f a l l h a rd m a s t , 
p a rt i c u l a r l y  wh i t e o a k  ma s t , to p roduc t i v i ty i n  fema l e  b l a c k  
b ea r s . Fo l l ow i n g  y e a r s  o f  g ood wh i te o a k  a c o r n  p roduct i on ,  f ema l e  
b l a c k  b e a r s  n e a r l y  a l way s r e s p o nded w i th  h i g h p rod uct i v i ty ( F i g .  
4 ) . 
T h e  p e rc e n  o f  fema l e s i n  w i n t e r  de n s  t h a t  we re l a c ta t i n g  
a p p e a red  t o  b e  more  s e n s i t i v e t o  t h e  e f fe c t s  o f  t h e  f a l l  m a s t  c r o p  
t h a n  c o r re s p o nd i n g s ummer p e rce n t a g e s .  O n e  p l a u s i b l e re a s o n  for  
the  i n s e n s i t i v i ty of  s umme r data  i s  that  i n  e a r l i e r yea r s  ( be fore  
1 9 7 9 )  o f  s ummer trap p i n g  e ff o rt s ,  some  l a cta t i n g  fema l e s may have  
been  c l a s s i f i ed a s  n ot l a c ta t i n g  due  t o  f a i l u r e  to adm i n i s t e r  
Oxyto c i n  t o  f a c i l i tate  l a c ta t i o n  ( E i l e r 1 98 1 : 8 6 ) . A l s o , e f fo r t s  
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F i g u r e  4 .  Y e a r l y  fl u c t u a t i ons i n  to t a l  o a k  ( re d  a n d  wh i te o a k )  ma s t  ra t i n g  a n d  t h e  p e r c e n t a g e  o f  
a d u l t fema l e s  l ac t a t i n g  o r  w i t h  n ewbo r n  c u b s  i n  w i n t e r  d e n s . 
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F i g u r e  5 .  Y ea rl y  f l u c t ua t i o n s  i n  wh i te o a k  ma s t  ra t i n g a n d  t h e  p e r c e n t a g e  o f  ad u l t fema l e s l a c ta t i n g  
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F i g u re 6 .  Yea rl y fl u c t u a t i o n s  i n  red o a k  ma s t  rat i n g a n d  t h e  perce n t a g e  o f  a d u l t fema l es l a cta t i n g  
o r  w i th n ewborn c ubs i n  w i n ter den s . 
T a b l e 15 . R e g re s s i o n v a l u e s  b etwe e n  w h i te o a k , red o a k ,  a n d  t o t a l 
o a k  m a s t  r at i n g s  a nd t h e  p e r c e n ta g e  o f  a d u l t f ema l e s  w i t h  
n ew b o r n  c u b s  i n  w i n t e r  o r  t h e  p e rc e n t a ge o f  a du l t  f em a l e s  
l a c ta t i n g  i n  s umme r .  
T i me o f  y e a r  
S u mm e r  
C a t e g o ry o f  
f a l l ma s t  
Wh i t e o a k  
Red o a k  
T o t a  1 o a k  
Wh i t e o a k  
Red o a k  
To t a l  o a k  







6 5  
0 . 36 
0 . 0 0 
0 . 61 
0 . 3 7 
0 . 0 6 
0 . 40 
P r o b  
0 . 0 722 
0 . 9514 
0 . 2200 
0 . 083 5 
0 . 5 186 
0 . 0 6 7 5  
to a s s e s s n a t a l i ty i n  fema l e s  were  more  i n t e n s e  from 1 9 78  t o  1 9 82  
than  i n  e a r l i e r y e a r s . From 1 9 78 to 1 98 1 , a s i g n i f i ca nt l i n e a r  
re l a t i o n sh i p  ( R 2 =0 . 99 , P< 0 . 0 0 8 )  e x i sted  between  wh i t e oa k m a s t  
ra t i n g s  a n d  the  r ce ntage  of  ad u l t fema l e s  l a c t at i n g  d u r i n g  t h e  
s umme r .  I t  i s  s u g g e s ted t h a t  t h e  mo re i n ten s i v e e f f o r t s  to a s s e s s  
n a ta l i ty from  1 9 78 t o  1 982 were  r e f l e c t ed i n  t h e  c l o s e r  
s e n s i t i v i ty o f  p roduc t i v � ty t o  m a s t  ra t i n g s .  
A s  me n t i o n ed p re v i o u s l y ,  t h e  y i e l d  o f  h a rd m a s t  i n  t h e  f a l l 
a p p e a r s  to i n f l u e n c e  s eve r a l  r e p roduct i v e pa rame t e r s  o f  fema l e  
b l a c k  be a r s  i n  t h e  GSMNP a n d C N F ,  i n c l ud i n g  m i n i mum rep roduct i ve 
a g e , r e p roduct i v e cyc l e ,  a n d  c u b  s u rv i v a l . Du r i n g t h e  p e r i od o f  
t h e  p re se n t  s t udy ( 1 980-82 ) , e x t reme s i n  ma s t  y i e l d s  were  
o b s e rved . T h e  h a rd m a s t  c ro p  o f  1 9 80 wa s rated  a s  p oo r ,  w i t h  a 
comp l e te f a i l u re  o f  wh i t e oa k a c o r n s ( Ap p e nd i x  A ) . T h i s  p o o r  ma st  
y i e l d  wa s fo l l owed by a wi n t e r  o f  l ow rep roduc t i o n  ( F i g .  4 )  a nd  
h i g h  cub  mo rta l i ty .  Low  p r o d u ct i v i ty and  h i g h  cub  m o rt a l i ty we re 
f u r th e r  s u b s t a n t i a ted by the fact that on l y  1 o f  12  fema l e s 
5-y e a r s  o l d  o r  o l de r  wa s l a c t a t i n g  d u r i n g  t h e  s umme r o f  1 98 1 . 
T h e  m a st  c r o p  o f  1 98 1  wa s e xc e l l e n t , e s p e c i a l l y  r wh i te 
oa k s , a n d  p rodu c t i v i ty o f  t h e  r s  re s p o nded a c c o r d i n g l y . 
Twe n ty - t h r e e  o f  2 6  ( 88 . 5% ) a du l t fema l e s e x am i n ed i n  w i n te r  d e n s  
i n  1 98 2  h a d  n ewb o r n  c u b s . Cn l y  1 a du l t fema l e  ( 3 . 8% )  w a s  wi t h o u t  
o s p r i n g .  The  re s u l t s  o f  t h e  p r e s e n t  st udy s up p o r t  t h e  v i ew s  o f  
Rog e r s  ( 1 9 7 6 ) , B e e c h a m  ( 1 9 8 0a ) , a nd Bu n n e l  a n d  Ta i t  ( 1 9 8 1 )  t h a t  
reproduct i o n i n  t h e  b l a c k  b e a r  i s  p redomi n a n t l y  reg u l a t ed by 
n u t r i t i o n a l  t o r s . 
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L i t : e r  S i z e 
L i t t e r  s i z e s  o f  n ewbo rn c u b s  e x am i n e d  i n  w i n t e r  de n s  o r  
o b s e rv e d  a ft e r  s p r i n g  eme rg e n c e  r a n g ed f rom  1 to  4 ( �=2 . 58 ,  n= 19 ) .  
L i tte r s  o f  2 ( n =S , 42 . 1% )  a nd 3 ( n=B , 42 . ) were  m o s t  f r e q u e n t  
g .  7 ) . Two l i t t e r s  o f  4 a n d  1 o f  a s i n g l e  c ub w e r e  a l so 
o b s e rv ed . An a l ys i s  o f  va r i a n ce  revea l n o  s i g n i f i c a n t  
d i f f e re n c e s  ( P<O . l 2 )  i n  l i t t e r  s i z e s  o f  n ewbo r n  cubs  a m on g  
d i f f e r e n t  a g e  c l a s s e s  o f  fema l e s ( Tab l e 1 6 ) . T h e  m e a n  l i tt e r  s i z e 
( . 58 )  o b s e rv 
E i l e r ( 1 9 8 1 : 2 6 ;  
du r i n g th i s  s tu dy i s  s i m i l a r to  t h a t  repo rted by 
. 6 0 ) , a n d  a l s o  c o mp a r e s  favo rab l y  w i th  mean  
l i t t e r  s i z e s  repo rted i n  o ther  a re a s  o f  t h e  e a s t e r n  U n i t e d  S t a t e s  
( x= 2 . 1 5 to  2 . 9 ;  S p e n c e r  1 9 5 5 , H a r l ow 1 9 6 1 , S t i c k l ey 1 9 6 1 ,  E r i c k s o n  
a n d  N e l l o r 1 9 6 4 , Co l l i � s  1 9 7 3 , R o g e r s  1 9 7 6 , A l t 1 9 82 ) . 
t i m a t ed l i tt e r  s i ze s  ba s e d  o n  rec o rd i n g s  o f  v o c a l i za t i o n s  
we re p ro ba b l y  l ow .  The  a v e ra g e  o b s erved  l i t te r s i z e ( x= 2 . 58 )  wa s 
s i g n i f i c a n t l y  l a r ge r  ( P<0 . 0 1 )  t h a n  the  a v e r a g e  m i n i mu m  e s t i ma t ed 
l i t t e r  s i z e b a s e d  on tape re c o rd i n g s  ( R= 1 . 80 ) . A l s o , of 8 
o c c a s i o n s  i n  wh i c h t h e  s i z e o f  a l i tt e r  wa s e s t i mated  by a na l y s i s 
o f  a record i n g , a nd t h e n  l a t e r  o b s e rv ed , 3 u nde re s t i mated  the  
a c t u a l  l i t t e r  s i z e ( Ta b l e 1 7 ) .  
D u r i n g the  w i n t e r  o f  1 9 82 , 6 fema l e s h a d  a n  e s t i mated l i t : e r  
s i z e o f  1 ba s e d  o n  a n a l y s i s o f  rec o rd i n g s .  O n e  fema l e  wa s o b s e rv e d  
w i t h  a s i n g l e  c u b  a t  a l a t e r  date , b u t  2 fema l e s  w e r e  o b s e rv e d  a t  
l a t e r  d a t e s  w i th  l a r g e r  l i t t e r s  t h a n  h a d  be e n  e s t i mated ( Ta b l e 
1 7 ) . T he  o t h e r  3 fema l e s  were  n o t  o b s e rved  s u b s e q u e n t l y . Howe ve r ,  
j udg i n g by the  o b s e rved freq u e n cy o f  l i tt e r s  o f  1 ( 1  o f  1 9  
6 7  
w � 
N 2 � 8 
� w 3 8 � � 
� I 4 2 
F i g ure 7 .  F req u e n cy o f  l i tt e r  s i z es o f  c ub s  o b s e rved i n  t h e  GSMN P 
a n d  CN F ,  1 980-82 . 
6 8  
Tab l e  1 6 . Freq u e n cy a nd  m e a n  l i tt e r  s i z e s  o f  n ewbo r n  c u b s  o b s e rv e d  
i n  t h e  GSMN P a nd  C N F , w i t h re s to a g e  c l a s s  o f  
t h e  mo t he r .  
Age  c l a s s 1 
Yo u n g  M i d - a g e  O l d 
L i t t e r  s i z e  ( 3- 4 )  ( 5-9 ) ( 10+ )  A l l fema l e s  
1 1 1 
2 4 4 8 
3 3 4 7 
4 1 1 2 
x 1 .  0 0  2 . 63 2 . 67 2 . 56 2  
l F 1 . 8 7 , P <0 . 18 7 6 . 
2 0 o e s  n o t  i n c l ude  1 l i tt e r  o f  3 o f  a fema l e  o f  u n known a g e . 
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Ta b l e 1 7 . L i tte r s i z e s  e st i mated  by a n a l y s i s o f  reco rded 
v o c a l i zat i o n s  and  l a t e r  o b s e rved  f o r  c o n f i rmat i on o f  
t h e  e s t i mat e s . 
E s t i mated  No . c u b s  
B e a r  n o . D ate  r e c o rded l i t ter  s i ze Date  o b s e rv o b s e rved 
408  18  FEB  2+ 18 A P R  2 
4 29  1 8  1 + 1 S um m e r  2 
4 2 1  8 FEB  2+ 4 MAR 2 
456  15  FEB  2+ 1 5  2 
6 6 5  2 6  1 + 1 22  APR  3 
487  5 FEB  3+ 2 MAR 3 
F2 1 4 FEB  2+ 1 8 MAR 3 
3 2 6  2 4  1 + 1 8  MAR 1 
1 L i t t e r  s i z e u n de re st i mated  by a n a l ys i s o f  r ecord i n g . 
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l i tt e r s ) ,  i t  seems  un l i ke l y  t h a t  a l l 3 were  wi th  on l y  a s i n g l e 
c u b . 
D i s c r e p a n c i e s between e st i ma ted l i t t e r  s i z e s  a n d  actua l 
l i tt e r  s i z e s  may be due t o  t o o  s h o r t  a re c o rd i n g  se s s i on ,  o r  to  
rec o rd i n g  d u r " n g a l u i l  i n  v o c a l  a c t i v i ty ( E i l e r 1 9 8 1 : 7 5 ) . A l so ,  
fema l e s  d u r i n g  t h e  w i n t e r  o f  1 982  we re g e n e ra 1 l y  i n  g o od p hy s i c a l  
c o n d i t i o n  a n d  may h a v e  mo re e a s i l y  s a t i s f i ed t h e i r c ub s 1  
req u i rem e n t  f o r  m i l k , r e s u l t i n g i n  fewer  voc a l i z a t i o n s  by c u b s .  
I t  i s  a l so p o s s i b l e t h a t  c u b s  b e c ome l e s s  v oca l a s  t h ey become  
o l de r  and  b e t t e r  deve l o ped . T h ree o f  4 l i t t e r s  wh i c h were  ta ped  on  
o r  be f o re 1 5  Fe b r u a ry 1 982 were  l a t e r  c o n f i rmed to  have  the  same 
l i t t e r  s i z e as h ad  en  e s t i ma ted from  t h e  rec o rd i n g . H owev e r , 2 
o f  4 l i t te r s  r e c o rded a f t e r  1 5  Fe brua ry 1 982  were  l a t e r  determ i n ed 
t o  h a v e  been  u n d e re s t i ma ted . Ob s e rv a t i o n s  o f  n ewbo r n  c u b s  i n  
w i n te r  den s a n d  o b serva t i o n s  o f  e a r l y  eme r g e n c e  by fema l e s w i t h  
c u b s  ( Pa g e  ) i n d i c a ted  t h a t  c u b s  w e r e  i n  exc e l l e n t  c o n d i t i on a n d  
deve l o p i n g ra p i d l y . T h e re may h a v e  
v o c a l i z a t i o n s  w i th  th i s  d e v e l o pm e n t . 
n a n  a s s oc i ated  d e c r e a s e  i n  
T h o u g h  t a p e  r e c o rd i n g v o c a l i za t i o n s  o f  c u b s  may s om e t i me s  be  
u n re l i ab l e  f o r  e s t i ma t i n g  l i tt e r  s i z e s , i t  i s  a n  e f f ec t i ve me a n s  
f o r  detect i n g t h e  p r e s e n c e  o f  c u b s  i n  w i n t e r  de n s .  Re l i ab i l i ty o f  
the  e s t i ma t e s  o f  l i tt e r  s i z e s  may b e  i mp ro v ed by record i n g  s o o n  
a f t e r  t h e  c u b s  a re born , e s p e c i a l l y  d u r i n g w i n t e r s  f o l l ow i n g  a 
g o o d  m a s t  y i e i d .  
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Character i st i c� of  Offspr i ng 
We i ght  of  C ub s .  We i g h t s  o f  40 n ewborn c u b s  we re obta i n ed 
from 15 l i tt e r s  i n  wi nter  de n s .  One l i tter of 2 fema l e s  and a ma l e  
wa s e xam i ned  o n  7 March  1 98 1 . O n e  fema l e  c ub we i gh ed o n l y  0 . 9 1 kg 
wh i l e  the other  fema l e a nd  the  ma l e  we i g hed 1 . 1 3 kg e a c h . T h i s 
l i tter  l i ke l y  d i d  not  s u rv i ve ,  s i n ce  the ad u l t fema l e  h ad 2 cubs  
aga i n  the fo l l ow i n g  w i nte r ;  t he se  cubs  were  e x am i n ed o n  14  J a n uary 
1 982 , a nd  we i g h ed 0 . 4 5 kg e a c h . 
The  rema i n i ng 35  c u b s  were we i g hed du r i n g a 2 0  day per i od 
from 28 February to 1 9  March  1 982 . The mean  we i ght  of c u b s  dur i n g  
t h i s t i me pe r i od wa s 1 . 82 kg ( Ta b l e  1 8 ) . C u b s  from l i tters  of  4 
( x= l . 2 3 kg ) were l i g hter ( P<0 . 00 0 1 )  than  c u b s  from l i tters  o f  3 
( . 89 kg ) o r  2 ( x=2 . 15 kg ) ( Tab l e 18 , F i g .  8 ) . 
T h e  range  i n  we i g ht betwe e n  the sma l l e st and  l a rge st c ub s  of  
a l i tt e r  var i ed s i g n i f i ca n t l y  ( P<0 . 02 )  amo n g  d i fferent  l i tte r 
s i ze s  ( Ta b l e 1 9 , F i g .  9 ) . Smal l ran g e s  o ccur red i n  l i tter s  o f  2 
( x=0 . 1 7 kg ) a nd  3 ( x=0 . 22 k g ) ,  wh i l e  l a rge  ra n g e s  o c c u r red i n  
l i tt e r s  of  4 ( x=0 . 60 kg ) .  
The  mea n w e i g h t  of  c u b s  ( 1 . 82 kg ) o b s e rved  dur i n g  the p re se n t  
study wa s s i m i l a r t o  t h e  me a n  we i g ht of  1 0  c u b s  ( 1 . 84 kg ) observed 
by l e r ( 19 8 1 : 1 2 3 )  f o r  the same t i me pe r i od ( 28 February to 1 9  
Marc h )  from 1 978 to  1 980 . E i l e r • s average  d i d  n ot i n c l ude the  
we i g hts  o f  2 c ubs  ( 1 . 1  kg ) we i g hed o n  1 7  March  1 9 79  wh i c h  we re  
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Tab l e  1 8 . Mean  a n d  r a n g e  o f  we i g h t s  o f  n ewbo rn c u b s  we i g h e d  i n  
w i n t e r  de n s ,  28  Fe b r u a ry- 1 9  M a r c h  1 982 , i n  the  GS�NP  
a nd  C N F .  
t t e r  N o . o f  





Tota l 1 3  
1 F = 1 1 .  46 , P<O . 0 0 0 1 . 
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Av e r a g e  
'.v e i g h t  ( kg ) 1  
2 . 49 
2 . 1 5 
1 . 8 9  
1 .  2 3  
1 .  82  
R a n g e  ( kg )  
1 .  3 6-2 . 9 5 
1 .  4 7-2 . 38 
0 .  85-1 . 5 9 








3 . 0 8 
2. 0 
I .  0 
2 3 4 
L I TTER S I ZE 
F i g u re 8 .  Mean , s ta n d a rd d e v i a t i on ( S O ) , a n d  ra n g e  o f  we i g h ts o f  
n ewborn c u b s  we i g h e d  i n  w i n t e r  d e n s , 2 8  Feb r u a ry to 
1 9  March 1982 , i n  the GSMN P a n d  CN F .  
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Ta b l e  1 9 . M e a n  r a n g e s  i n  we i g h t  between  t h e  sma l l e s t  a n d  l a rg e s t  
c u b s  i n  1 3  l i t t e r s  e x am i n ed i n  w i n t e r  de n s  f r o m  2 8  
Febru a ry to  1 9  M a r c h  1 982 , i n  t h e  GSMNP a n d  C N F .  
L i t t e r  No . o f  Av e r ag e r a n g e  M i n i mu m  M a x i mum  
s i z e 1 i tte r s  i n  we i g h t s  ( kg ) 1 r a n g e  ( kg )  r a n g e  ( kg )  
2 4 0 . 1 7 0 . 0 0 0 . 3 4 
3 6 0 . 2 1 0 . 1 1 0 . 3 4 
4 2 0 . 6 0 0 . 45 0 . 7 3 
Tot a l  1 2  0 . 24 0 . 00 0 . 7 3  
l F 6 . 30 ,  P<0 . 0 1 3 6 . 
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F i g u re 9 .  Mea n , s ta n d a rd dev i a t i on ( S O ) , a n d  range o f  th e 
d i fference i n  we i g h t s  between the smal l e s t  a n d  l a rg es t 
c ub s  i n  12 l i t te rs e x am i n e d  i n  wi n te r  d e n s  2 8  February to 
19 Ma rch 1 98 2 , in t h e  GSMN P and C N F .  
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pre s umed to have d i ed some t i me be fore the  breed i n g  s e a s o n  s i nce  
the  fema l e  had c ubs  aga i n  the next  yea r . 
There are  few report s o n  the we i g h t s  o f  b l a c k  bea r c ub s . 
M i l l er ( 1 963 ) and  Al t ( 1 980 ) repo rted a negat i ve corre l at i on 
between  l i tter  s i z e and cub  we i gh t s . Rog e r s  ( 1976 ) a l so  found  that 
c ub s  of  l a rge r l i tte r s  we i g hed l e s s ,  a l though  the re l at i o n sh i p  wa s 
attr i buted to the  c o l o r  p h a s e  o f  the adu l t fema l e ; b rown p h a s e  
fema l e s produced l a rg e r  l i tters  t h a t  we i ghed l e s s  t han  t h e  sma l l e r 
l i tte r s  produced by b l ac k  p h a s e  fema l e s  ( Rog e r s  1 976 ) . 
We i ghts  o f  year l i ngs . Te n  year l i n g s  o f  4 l i tters  we re 
we i ghed  from 24 J a n u a ry to  6 Feb ruary 1 981 . The mean we i g ht of  the 
yea r l i n g s  wa s 8 . 8  kg , but there wa s co n s i derab l e  va r i at i o n  among  
l i tte r s  ( Tabl e 2 0 ) . O n e  l i tter of  a 1 6-year  o l d  fema l e  we i g hed o n  
4 February 1 981 ave raged o n l y  5 . 8 kg ; thes e  year l i n g s  appea red to 
be i n  very poor  phy s i ca l  c o n d i t i o n . W i t h  the  e x c l u s i o n  of th i s  
l i tter ,  the  mean  we i g ht o f  year l i n g s  i n  w i nter  de n s  wa s 1 0 . 0  kg . 
D u r i n g  t he w i n te r  o f  1979 , 4 year l i ng s  we i gh ed a n  a vera g e  of  9 . 9 
kg  i n  the s ame  s tudy a rea  ( E i l e r 1 981 : 1 23 ) . 
T here a re few report s i n  the l i terature o n  the  w i n te r  we i g ht s  
o f  year l i n g s .  However , i t  appe a r s  that the we i gh t s  o b s erved i n  
GSMNP a nd  CNF  a re l i g ht  compared t o  other  a r ea s .  Fa l l  p rede n n i ng 
we i g h t s  of  c u b s  i n  Y o sem i te Nat i o n a l  P a r k  ave raged s l i ght l y  over  
30 . 0  kg ( Grabe r 1981 : 36 ) . I n  P en n syl va n i a ,  we i g ht s  of  ma l e  a nd  
fema l e year l i ng s  i n  de n s  a vera g ed 37 . 3  k g  and  30 . 0  kg , 
re spec t i ve l y  ( A l t 1 980 ) . The  acce l erated g rowth rate o f  year l i ng s  
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Ta b l e 20 . We i g h t s  ( kg ) o f  y e a r l i n g c u b s  exam i n ed i n  w i n t e r  d e n s i n  
t h e  GSMN P a n d  CN F .  
M e a n  
L i t t e r  I nd i v i du a l  we i g h t s  we i g h t  
M o th e r  s i z e Date  we i g he d  Y e a r l i n g n o . S e x  We i g h t  o f  l i t t e r  
476 3 2 4  JAN 8 1  5 3 1  F 1 1 . 8  1 1 .  5 
5 3 2  r- 1 0 . 9  r 
5 3 3  M 1 1 . 8  
H 1  3 4 FEB 8 1  5 3 4  F 5 . 9  5 . 8  
5 3 6  F 6 . 8  
540 F 4 . 8  
F2 1 1 6 FEB 8 1  542  M 1 1 . 3  1 1 . 3  
F 1 3  3 6 FEB 8 1  5 3 7  M 6 . 8  8 . 2  
5 3 8  F 7 . 7  
5 39 M 1 0 . 0  
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i n  Pennsylvan i a  was attri buted to an abundant and reli able food 
sou rce ( Alt 1 98 0 ) . 
The e f fects of slower growth on the survi val of yearl i ngs i n  
the GSMNP and C N F  i s  un known . Rog ers ( 1 9 7 6 ) observed that 
mortali ty of li ghtwe i ght yearl i ngs i n  M i nnesota was not as great 
as that for li ghtwe i ght cubs . However, 2 yearli ngs we i gh i ng below 
the medi an we i g ht of 1 3 . 4  kg i n  March di d di e ( Rogers 1 9 7 6 ) . All 
1 0  yearl i ngs ex ami ned i n  the present study we i ghed below 1 3 . 4  kg . 
Of these , 3 were ex ami n e d  i n  dens as 2-year olds, and found to be 
i n  good phys i cal condi ti on .  
The fate of the li tter of H1, whi ch av erag ed 5 . 8 kg i n  
we i ght, was u n known. However, duri ng a rout i ne post-emergence 
i nspect i on of the den on 1 8  Apr i l  1 98 1 , 1 yearli ng was observed. 
The movements of the yearl i ng were slow, and i ts cond i t i on 
appeared e mac i ated. It i s  suspected that thi s  l i tter of yearl i ngs 
may not have surv i ve d. 
Chest blaze . D i sti nct chest patches were observed on 3 of 
4 0  ( 7 . 5%) newborn cubs e xami ned i n  w i nter dens. The presence of a 
few wh i te chest ha i rs were noted on 1 7  i nd i vi dual cubs . Chest 
blazes on black bears have be en descri bed i n  other re g i ons of the 
black bear ' s  range, spec i f i cally M i nnesota ( Rogers 1 98 0 )  and 
Cal i forn i a ( Graber 1 9 8 1 : 50 ) . Rog e rs ( 1 9 8 0 ) observe d chest blazes 
on 80% of cubs i n  j uven i le pelag e , wi th some of these cons i st i ng 
of j ust a few whi te hai rs .  Chest blazes we re observed on only 2 1% 
of older bears , suggesti ng the loss of chest blazes duri ng molts 
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( Ro gers 1980 ) . Graber ( 1 98 1 : 50 )  documented the l oss of a chest 
bl aze o n  o n l y  1 bear , and repo rted that 69% o f  bl ack bears i n  
Yosemi te Nati o n al Park exh i b i ted chest b l azes . Al so ,  chest bl azes 
o f  bears i n  Y o semi te un derwent yearl y chan ges fo l lowi n g  the a n n ual 
mo l t, an d were c o n s i dered i n effect i ve as a means for i dent i fy i ng 
i n di vi dual b l ack bears ( Graber 1 9 8 1 : 50 ) . 
Fi fty percent of the cubs examin ed i n  w i nter den s  i n  the 
GSMNP and CNF had chest mark i n gs .  Apparently , those cubs wi th 
o n l y  a few wh i te chest ha i rs l ose those mark i ngs in subsequen t  
molts, based o n  the fact that o n l y  1 6 . 7% o f  bears trapped i n  the 
GSMNP from 1972  to 1 980 had chest bl azes. Cubs w i th di st i n ct chest 
b l azes l i kel y keep them , but i t  i s  n ot known i f  chan ges occur i n  
the shape dur i n g  an n ual molts as suggested by Graber ( 1 981 : 50 ) . 
One b l ack bear cub descri bed by E i ler ( 1 9 8 1 : 3 7 )  w i th a large whi te 
chest bl aze and 4 wh i te paws was exam i n ed 3 ti mes dur i ng the 
ensu i n g  2 years . No di st i n ct i ve changes were o bserved i n  the 
mark i n gs o n  the chest or the paws . 
It i s  suggested that the presence of at l east a few wh i te 
chest ha i rs o n  a si gn i fi cant port i o n  ( 50%) of black bear cubs 
refl ects the presen ce of a l leles respo n s i b l e for chest blazes. How 
these alle l es are o rgan i zed to express the d i sti nct vari ati o n s  
observed i n  chest b l azes i s  unk n o wn. 
stages i n  development of cubs were observed throughout the 
progress i o n of the wi n ter of 1982 . Two cubs exami n ed o n  1 4  Jan uary 
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were  a l t r i c i a l  b ut  a l re ady had we l l  deve l o ped c l aw s . S e v e n  o f  1 2  
c u b s  e x am i n f rom  28  Februa ry t o  2 March  1 98 2  had th e i r  eye s  
o p e n , a n d  a l l c u b s  exam i n e d  a ft e r  2 M a r c h  1 982 ( n= 2 3 ) had o n 
eye s .  By c o n t ra s t ,  3 c u b s  e x a m i n e d  o n  7 M a rc h  o f  the  p re v i o u s  
w i n t e r  ( 1 98 1 )  had  c l o sed  eye s .  
R e p o rt s o n  whe n  t h e  eye s  o f  c u b s  o p e n  h a v e  va r i ed ,  ra n g i n g 
f rom  28 day s ( Bu t t e rworth  1 9 6 9 )  to 44 day s ( Hu l l ey 1 9 7 6 ) . 
B u t te rwo rth  ( 1 9 6 9 ) r e po rted  t h a t  eye s o f  a h a n d - rea red ma l e  
c ub o p e ned  s l i gh t l y  a t  28 day s o f  a g e , b u t  were  n o t  f u l l y o p e n  
u n t i l 3 5  day s . M a t s o n  ( 1 9 5 4 )  s t a ted t h a t  t h e  eye s  o f  c ub s  o p e n  a t  
40  d ay s  o f  ag e ;  t h i s  a p p e a r s  rea s o n ab l e .  H owever ,  i t  d o e s n o t  
s e em rea s o n a b l e  t o  t ry t o  e x t r a p o l ate  da t e s  o f  b i rth  f ro m  the  
d a t e s  of  eye  o p e n i n g .  S m i t h  ( 1 9 4 6 ) r e p o rted  t h a t  c u b s  o f  the  same  
l i tt e r  o p e n  eye s  at  d i f f e r e n t  date s , a s  m u c h  a s  1 0  days  a p a rt .  
Te eth  were  n o t  o b s erved  i n  c u b s  u n t i l 1 8  M a r c h  1 982 , w h e n  
s i b l i ng s  o f  1 l i tter  had  e r u p t i n g  c a n i n e s  a n d  i nc i s o r s . A l i tter  
e x a m i n ed o n  1 9  M a r c h  1 982  had  e ru p t i n g  c a n i n e s ,  p remo l a r s ,  a nd  
i n c i s o r s . R a u s c h  ( 1 9 6 1 )  r e p o r ted t h a t  n o  t o o th e r u p t i on h ad 
o c c u r red i n  a 22 -day o l d  c a p t i v e - b o r n  c u b . B u tterwo rth  ( 1 9 69 ) 
r e p o rted  t h e  e r u p t i o n o f  2 ma x i l l a ry i nc i s o r s  i n  a m a l e c u b  a t  4 7  
d ay s  o f  ag e ,  a n d  H u l l ey ( 1 9 76 ) repo rted c a n i n e e r u p t i o n s  a t  5 1  
day s o f  a g e  i n  2 c a p t i v e b o r n  c u b s . 
N o t i c e ab l e d i f r e n c e s  i n  t h e  c o o rd i n a t i o n a n d  mob i l i ty o f  
c u b s  were  o b s e rved . T h e  m o b i l i ty o f  c ub s  wa s r e s t r i cted u n t i l 1 8  
March  when  the  c ub s  o f  1 l i t t e r  e x h � b i ted  t h e  a b i l i ty t o  s t a n d  a nd  
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move s h o rt d i s t a n c e s  o n  t he i r own . Movemen t s  a t  th i s  t i me we re 
s t i l l  u n coord i n a ted , however . 
Sex  Rat i o  of  Of fspr i ng 
There wa s n o  e v i de n c e  d ur i n g  the s t udy o f  a n  u n e q u a l  s e x  
rat i o  i n  l i tte r s  o f  o f f s p r i n g .  The  sex  rat i o  o f  l i tte rs  o f  n ewbo rn 
c ub s  and year l i n g s  wa s 45 : 5 5 ( 18 ma l e s , 22 fema l e s ) and 5 0 : 50 ( 6  
ma l e s , 6 fema l e s ) , re spec t i v e l y .  E i l e r ( 1 98 1 : 38 )  reported a 
s i g n i f i ca n t  e x c e s s  o f  ma l e  o f f s p r i n g  i n  17  l i tte rs e xam i n ed from 
1 978 to  1 980 i n  the same st udy a re a . He s p ec u l ated that th i s  
e xce s s  of  mal e s  wa s re l ated to a behav i o ra l  a s pect  o f  bea r s ; 
fema l e s  that p roduced more ma l e  o f f spr i n g i nc rea sed the 
p ro bab i l i ty that some o f  t h e se ma l e  o ff spr i ng wo u l d  s urv i ve ( E i l er 
1 9 8 1 : 77 ) . The  r e s u l ts  of  the  p r e s e n t  st udy do not  s upport the 
spec u l at i o n s of  E i l er ( 1 981 : 77 ) . 
C ub  Morta l i ty 
E s t i mate s o f  c u b  morta l i ty we re made by c ompa r i n g  the n umber 
of  year l i n g s  ob serv ed wi t h  fema l e s  i n  w i nter  den s  to  the  o b s e rved 
n umber  o f  cubs  of  the  prev i o u s  w i nte r  ( Tab l e  2 1 ) .  The e s t i mates  
we re c o n s i de red m i n i mum s i n c e  rec o rd i n g s  o f  n ewbo r n  c u b s  may have  
u ndere s t i mated the actua l l i tter  s i z e ( E i l e r 1 9 8 1 : 7 5 ,  t h i s  st udy ) . 
The  e s t i mates  a l so a s s umed that t h e  ab se nce  o f  yea r l i n g s  i n  w i nter  
den s  wa s the r e s u l t o f  morta l i ty ,  and  not  mere l y  a p remature  
separat i on . T he  overa l l mo rta l i ty o f  cubs  of  9 l i tte r s  i n  the  
f i rst  year of  l i fe wa s 37 . 5% ( 9  of  2 4 ) , but  there were  s i g n i f i c ant  
d i ffere nce s ( G=3 . 98 ,  P<0 . 05 )  betwe en years  ( Tabl e 2 1 ) . On l y  1 o f  6 
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Tab l e  2 1 . Yea r l y  o b s er v a t i o n s  o f  c u b s  a n d  yea r l i n g s  i n  w i n t e r  d e n s 
a n d  o b s e rv morta l i ty rate s o f  c u b s  d u r i n g  t h e i r f i r s t  
y e a r  o f  l i fe ,  1 9 8 0 - 8 2 . 
Number  a nd k i n d  o f  o f f s p r i n g  o b s e rved  ( ob s )  o r  reco rd e d  
( re c )  i n  w i n t e r  de n s  
Be a r  n o . W i n te r  1 9 8 0 1 W i n t e r  1 9 8 1  Wi n t e r  1 9 8 2  
487 3+ c u b s  rec  3 y e a r l i n g s  o b s  
H l  3 +  c u b s  rec  3 y e a r l i n g s  o b s  
4 7 6  3 cubs  o b s  3 y e a r l i n g s  o b s  
4 2 1 2 +  c u b s  r e c  2 y e a r l i n g s  o b s  
4 2 9  c u b s  rec  2 y e a r � i n g s  ob s 
F2 1 3 c u b s  o b s  1 y e a  r l  n g  o b s  
5 2 0  2 +  c u b s  rec  0 y e a r l i n g s  o b s  
5 2 2  3 c u b s  o b s  0 y e a r l i n g s  o b s  
2 c u b s  o b s  
3 1 0  3 +  c u b s  re c 1 y e a r l i n g o b s 
Y e a r  1 98 0 - 8 1  1 9 8 1 - 8 2  1 98 0 - 8 2  
Mo rta l i ty rate  1 2 . 5% 87 . 5�b 3 7 . 5% 
1 S o u r ce o f  i n f o rma t i o n :  E i l e r ( 1 981 : 1 1 2- 1 1 3 ) .  
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litters of yearlin gs examin ed during the win ter of 1981 had any 
known loss of cubs from the win ter of 1980 , resulting in a 
mortality rate of 12 . 5% ( 2  of 16 cubs ) . I n  con trast, 7 of 8 cubs 
observed or reco rded during 1981 did n ot survive to be yearlings 
in 1982, resulting in 87 . 5% mortality . 
The yearly variation i n  cub mo rtality observed during this 
study was most likely due to the difference in yields of mast. 
The win ter of 1980 , characterized by high cub survival , followed a 
fall mast crop rated as medium. The win ter of 1981 , followin g  a 
poor yield of mast , had low cub survival . 
The in fluence of nutrition on the survival of cubs has been 
recogn ized by several in vestigators ( Hatler 1967 : 5 7-58, Rogers 
1976 , LeCount 1982 ) .  Results of the presen t  study in dicate that 
survival of cubs in GSMNP an d CNF is dependent on the n utritional 
and physical con dition of the adult female in the win ter den ; this 
is largely determined by the yield of the previous fall ' s  hard 
mast . These observations concur with Rogers ( 1976 ) who reported 
that the fall preden n ing weight of pregnan t females provided 
indication s  of the weights of the cubs at 2 months of age. 
Lightweight cubs ( <  1 . 8  kg) experienced approximately 4 times 
greater mortality than heavier cubs ( Rogers 1976 ). During the 
presen t  study, 3 cubs of a 6 4  kg female examin ed o n  7 March 1981 
weighed an average of 1 . 1  kg ( range 0 . 9-1 . 1 ) ; this litter was 
presumed to have died , since the female was with n ewborn cubs 
again the following win ter ( Table 21).  
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The  i mporta nce  of  the n u tr i t i o n a l  cond i t i o n o f  the  fema l e  to 
cub surv i va l  i n  the GSMN P and CN F i s  further  s ub st a nt i ated by the 
fact that spr i n g  i s  c o n s i de red a negat i ve forag i n g pe r i od ,  a n d  
b l ac k  bea r s  l o se  we i g h t  u n t i l s q uawroot , s o f t  mas t ,  a n d  a n i ma l  
matter  become ava i l ab l e  i n  J u n e  ( Ea g l e 1 9 79 : 34-38 , Beeman a n d  
P e l ton 1 980 ) . Therefore , fema l e s  m u s t  n u r s e  c ub s  w i t h  l i tt l e or 
n o  n utr i t i o n a l  comp e n s at i on for approx i ma te l y  4 mo n t h s  a fter 
partur i t i o n . 
Other factors  wh i ch may i n f l ue nce  c ub  morta l i ty rat e s  i n c l ud e  
c a n n i ba l i sm ( Li ndzey a n d  Me s l ow 1 977 , LeCo u n t  1 982 ) a n d  
i n expe r i e n ce  o f  y o u n g e r  fema l e s  i n  rea r i n g  c u b s  (A l t 1 982 ) . 
A l t hough  the se  facto rs  may be ca u se s  o f  c u b  morta l i ty i n  the GSMN P 
and  CN F ,  t h e i r i mp o rtance  i s  u n known . N o  ev i d e n c e  of  p redat i on  o n  
c u b s  by ad u l t bears  h a s  been reported i n  t h e  GSMNP . T h e  a va i l ab l e 
data i nd i cate that the maj o r i ty o f  c u b  morta l i ty i n  the Southern 
Appa l ac h i an Reg i on i s  re l ated to poor n u t r i t i o n . 
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Seventy- n i n e  c ry i ng voca l i za t i on s o f  23  n ewbo rn c u b s  we re 
rec o rded and  a n a l yzed so nagrap h i c a l l y . The  average  d u ra t i o n  of  a 
c ry wa s 0 . 75 sec ( ra n g e  0 . 2 1 1 - 1 . 50 ) , and  the fundame n ta l  
freq u e n cy ave raged 393 . 8  H z  ( ra n ge  186 - 692 ) ( Tab l e  2 2 ) . 
Voc a l i zat i o n s  were recorded d ur i n g  the  e a r  ta g g i n g of  c u b s , a 
proc e s s  wh i c h g e n e ra l l y  l asted about 1 m i n ute . V i s u a l  i n spec t i o n  
o f  the  so nagrams revea l ed that d i f fere n c e s  i n  vo i ce p r i nt s  
occurred w i t h  re spect to  the t i mi n g  of  the  record i n g . These  
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Ta b l e  2 2 .  S o na g ra p h i c  pa ra me t e r s  o f  t he v o c a l i za t i o n s  o f  c u b s  i n  t h e  GSMN P a nd CN F ,  W i t h  r e s pe c t t o  
t i m i n g o f  t h e  reco rd i ng .  
So n a g  ra p h  i c fHj 
p a ra me t e r  
·-· 
D u ra t i o n ( se c ) 0 . 8 3 0 .  3 8 - 1 . 5 0 0 . 6 9 0 . 3 0 - 1 . 3 9 0 .  / 8  0 .  21�- 1 . �� 1 
F u n d a me n t a l 3 8 9  1 8 6 - 6 9 2  4 LI 7  3 0 8 - 6 0 3  3 1 1 6  2 1 2 - 1 ! 8 "/ 
f r e q u e ncy ( H z )  
i n  L i me o f  1 59 o - 3 8 5  5 6  0 - 1 51!  1 2 1  3 8 - 1 1 2 3  
t a  I 
f r eq ue ncy ( H z ) 1 
1 s t f o rm a n t  ( l lz ) 1 1 7 5 1  4 4 9 - 5 0 2 6  2 0 6 0  5 5 8 - 3 6 7 3  1 ltO l !  ? 8 1 - 2 7 6 9  
Ctt a n g e  i n  t i me o f  
1 s t fo rma n t  ( H z ) 2 
6 5  0 - 2 3 1 2 7 1  0 - 1 0 3 8  1 2 0 0 - 11 6 2  
2 n d  f o r·ma n t  ( Hz )  3 4 9 5  1 28 2 - 5 8 0 8  3 14 2 2  1 2 9 5 - 5 7 9 5  3 4 7 11 1 3 2 7 - 6 2 8 8  
Ct1 a ng e  i n  t i me o f  1 2 5 3 8 - 3 11 6  
2 n d  fo rma n t  ( l i z  ) 2  
3 ] II 0 - 1 1  5 1� 95 0 - 3 0 8  
3 rd fo rma n t  ( H z )  14 6 18 3 5 7 7 - 51! 8 1  117 0 6  2 7 5 0 - 6 2 1 2  4 9 2 7  3 "1 3 1 - 6 2 3  
C tt a n g e  i n  t i me o f  2 4 6  1 1 5 - 3 1� 6  3 0 1  3 8 - 1 0 1 5  1 4 7 3 8 - 3 8 5  
3 rd fo rma n t  ( H z ) 
·--·�·� ----
1 S i g n i f i ca n t  d i ffe rence a mo n g  t i me s  o f  r e c o rd i n g s  ( P <0 . 0 5 ) .  
2 S i g n i f i ca n t  d i f f e rence a m o n g  t i me s  o f  r ec o rd i n g s  ( P <0 . 00 5 ) .  
di fference s were due presumably to the trauma created by ear 
tagging . There fore , sonagrams were divided into 3 groups to 
minimiz e individual cub variation : !)cries emitted immediately 
be fore ear tagging , 2) cries emitted during ear tagging , and 3) 
cries emitted immediately after ear tagging . 
The identification of individual cubs or litter groups by 
discriminant analysis of sonagraphic parameters was largely 
unsuccessful . Data on the classification of vocalizations of 
individual cubs and litter groups are presented in Appendix E 
( Tables 31-3 5) . 
No sonagraphic parameters from vocalizations recorded before 
or during ear tagging exhibited adequate discriminating powe r to 
classify the se x of cubs . Howe ver , for vocalizations recorded 
after ear tagging, the 2nd formant and duration of the cry 
provided the best discriminating p ower with an average squared 
canonical correlation ( ASCC) of 0 . 6892 for the model ( Table 23) . 
Discriminant analysis using the 2 variables correctly classi fied 
14 of 14 vocaliz ations ( Table 24) . Based on the high ASCC and the 
accuracy of classification , it appears that the sex of cubs may be 
identified by analysis of sonagrams. 
Eiler ( 1981 : 74) considered tape recording of winter dens 
useful in detecting the presence or absence o f  newborn cubs and in 
estimating a minimum litter siz e . However, di fficulties were 
incurred in trying to distinguish between 2 or more cubs ( Eile r 
1981 : 75) . There fore , it was hoped that variations in individual 
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l e  2 3 . S umma ry o f  s t e pw i s e  d i s c  i m i n a n t  a n a l y s i s  s e l ec t i o n  
p ro c e d u re f or  t h e  c l a s s i  i ca t i o n  o f  s e x  from c ry i n g  
v o ca l i z a t i o n s  re c o rded a t e r  e a r  t a gg i n g .  
V a r i a b l e s e l ected  
2nd  fo rman t 
D ur a t i o n  
P a rt i a l  
S C C " 
0 . 5 4 2 3  
0 . 3208  
W i l k 1 s  Lambda  
0 .  45  77  
0 . 3 1 08 
1 Pa rt i a l  s q u a red c a n o n i c a l  c o rre l a t i o n . 
2 A v e r a g e  s q u a red c a n o n i ca l  c o r re l a t i o n . 
P rob>t\S C C  
0 . 5 4 2 3  0 . 0027  
0 . 6892  0 . 0 0 1 6  
T a b l e 2 4 . S umma ry o f  d i s c r i m i n a n t  an a l y s i s  p rocedure  f o r  the  
c l a s s i f i ca t i o n  of  s ex  u s i n g v a r i a b l e s  2 nd  f o rm a n t  
a n d  d u r a t i o n f rom c ry i n g voc a l i z at i on s  r e c o rded a fter  
ear  tag g i n g . 1  
Voc a l i z at i on s  
from s e x  N 
M a l e 5 
Fema l e  9 
Tota l 1 4  
P r i o r  roo 
Voca l i z at i o n s  
1"1a 1 e 
5 
1 00 . 0% 
0 
0 . 0% 
5 
3 5 . 7�� 
0 . 3 5 7  
c l a s s i f i ed i n to  s e x : 
Fema l e  
0 
0 . 0% 
9 
1 00 . 0�� 
9 
64 . 3% 
0 . 6 4 3  
1 To t a l p erc e n ta g e  o f  c orre c t l y  c l a s s i f i ed voc a l i z at i on s = 1 00 . 0% 
( 1 4 o f 1 4 ) . 
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cub v ocal izations wou l d  be great enough to del ineate by detai l ed 
anal ysis of sonagrams . 
Apparentl y, individual  variation of vocal i z ations exists i n  
many species, especia l l y  those that are social ( Beer 1970 , Espmark 
1975 ) .  Howev er , the del ineation of parameters which a l l ow 
ind i v idual recognition is a comp l ex task . Most stu dies of this 
hav e  concentrated on individual recognition in birds , and many are 
reviewed by Beer (1970) . Tembrock (1963 ) ,  in a review of the 
v oca l izations of mammal s ,  stated that many newborn nestl ings , such 
as Vu l pes v u l pes , can be recogniz ed by their voices . 
I ndividua l recognition of l arge mammal s based on sonagram 
ana l ysis has been attempted with reindeer ( Rangifer tarandus ) 
ca l ves ( Espmark 1975 ) and white-tai l ed deer ( Odocoil eus 
virginianus ) fawns ( Richardson 1981 ) . Espmark (1975 )  used 
univariate anal ysis of vari ance for each variab l e of the voice 
pattern to determine which v ariab l e( s ) was disti nctive for the 
ca l l of a particu l ar cal f .  Distinctive variabl es or combinations 
of variabl es were found for most cal ves, but there were no 
patterns cons i stent among a l l cal v es ( Espmark 1975 ) .  Espmark 
(1975 ) suggested that indiv idu a l ity in reindeer cal ves existed , 
and was characterized by combinat i ons and interacti ons of various 
voice parameters . 
Richardson (1981:9-12 ) used discriminant ana l ysis to sel ect 
sonagraph i c  parameters that were usefu l in c l assifying 
white-tai l ed deer fawns with respect to individual , sibl ing grou p ,  
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a n d  s e x . I n d i v i du a l  fawn s , s i b l i n g pa i r s ,  a n d  sex  we re c o r rect l y  
i den t i f i ed 7 2 . 8% ,  82 . 8% ,  a n d  7 9 . 7% o f  t h e  t i me ,  re s p e c t i ve l y , 
u s i n g  t h i s  t e c h n i q ue  ( R i c h a rd s o n  1 9 8 1 : 43 1 ) . 
S e ve r a l p ro b l em s  a re i n h e re n t  i n  attemp t i n g to  reco g n i z e 
i n d i v i d u a l  c u b s  o n  t h e  ba s i s o f  t h e i r  v o c a l i z a t i on s .  F i r st , a n  
a de q u a t e  s amp l e  o f  v o c a l i zat i o n s  from  k nown c u b s  m u s t  be  o b t a i n e d  
to d e t e rm i n e  i f  i n d i v i du a l  c h a ra c t e r i s t i c s  are  i ndeed  p r e se n t . 
T h i s  wa s d i f f i c u l t to  do  i n  t h e  GSMNP  a n d  C N F .  A l t h o u g h  c u b s  i n  
t re e  n s  c o u l d  b e  r e c o rded , th ey we re u s u a l l y  n o t  s e e n . 
T h e r e fo re , o n l y  c u b s  i n  g ro u n d  de n s  were  a c c e s s i b l e t o  record i n g  
a n d o b s e rv a t i o n  a t  t h e  same  t i me . 
A s e c o n d  p ro b l em  wa s e n c o u n t e red i n  e l i c i t i n g a c ry 
v o c a l i z a t i o n  f r o m  a c u b  w i t h o u t  c r e at i ng b i a s e s  or  e x ce s s i v e 
i n t ra i n d i v i du a l  v a r i a t i o n . T h e  t ra uma c a u s ed by e a r  t a g g i n g 
a p p a r e n t l y  a f f e c te d  v o i ce p a tte r n s  e n o u g h  to s i g n i f i c a n t l y  a l te r  
c e rta i n  voc a l i z a t i o n  p a r ame t e r s  be f o r e , du r i n g ,  a n d  a ft e r  e a r  
tagg i n g ( Ta b l e ) . 
A th i rd p r o b l em i s  the  a b i l i ty o r  l a c k  o f  a b i l i ty o f  c u b s  to 
c h a n g e  th e i r  v o i c e p a t tern s .  Tembroc k ( 1 9 6 3 ) i n d i c a te d  t h a t  v o i ce  
p a tte rn s i n  V u l pe s  s p . c h a n g e  at  re l a t i v e l y  e a r l y  a g e s  ( i . e .  8 
days  o l d ) . S i n c e  b l a c k  a r  c u b s  s eem  c a p a b l e o f  s ome  c o n t ro l  o f  
t h e i r v oc a l i z a t i o n s , a n d  u n known  c h a n g e s  i n  v o i c e  p atte r n s  may 
o c c u r  w i th i n c r e a s i n g  a g e , c a re f u l  s c r ut i ny m u s t  be  made to  e n s u r e  
t h a t  t h e s e  p o s s i b l e  s o u rc e s  o f  b i a s  a r e  m i n i m i z e d  when  s e l ec t i ng 
p a rame t e r s  f o r  d i f f e re n t i a t i o n .  
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G i ve n  t h e s e  i n h e re n t  prob l em s ,  i t  s t i l l  appears  that 
s o nag rams may be u se f u l  i n  i d e n t i fy i ng c u b s , or  at l e a s t  i n  
i de n t i fy i ng sexe s o f  c ubs . H owe v e r , i t  i s  s u g g e s ted that further  
i nv e s t i g at i on s  be performed i n  a c o ntro l l ed s i tuat i o n  such  a s  a 
zoo  where c ubs  ca n  be ob served a n d  recorded s i mu l ta n eo u s l y  w i t h 
l i tt l e or  n o  d i s t u rbance . Record i n g s  s h o u l d  a l s o  be made o f  c ub s  
a t  v a r i o u s  a g e s  t o  determ i n e  i f  a n d  how v o i c e patte r n s c h a n g e  wi t h  
age . 
Freq u e n cy o f  Cub  Voca l i zat i on s  
To mon i tor  the  freq ue ncy o f  n u rs i n g ,  a 24-hour  rec o rd i n g  
s e s s i o n of  a fema l e  w i th a t  l e a st 3 n ewbo rn cubs  wa s co nducted . 
The  s e s s i o n  occ u rred f rom 1 03 0  h r s . o n  5 Ma rc h  1981  to 1 0 1 5  hrs . 
o n  6 March  1 98 1 . Record i n g t i me wa s l o st  from 0 1 40 to  0200 hr s . , 
0 5 1 0  to 0540 h r s . , a nd  0604  to  0635  h r s . due to e q u i pmen t  prob l em s  
( Tab l e 2 5 ) . 
The freq ue ncy o f  n u rs i ng voc a l i za t i o n s  ran ged from 0% to 
90 . 4% ( x=33 . 4% )  d u r i n g  a ny 1 hou r .  Once n u r s i n g voca l i za t i o n s  
were i n i t i ated , they ge nera l l y  c o n t i n ued  f o r  extended p e r i o d s  wi th 
an av erage of  8 . 0  m i n ute s  per n u r s i n g se s s i o n . T he  l o n g e s t  
c o n t i n uo u s  se s s i on o f  n u rs i ng wa s 3 0 . 0  m i n u te s .  On  the  other  
hand , p er i o d s  when  cubs  we re s i l e n t  we re re l at i v e l y  s hort ( i=2 . 1  
m i n . ) .  The  l on g e st pe r i od o f  s i l e n c e  wa s 9 . 0  m i n ute s .  
There may b e  a tendency for  b l ac k  bear  c ub s  to n u r s e  d u r i n g 
day l i g ht  h o u r s  ( F i g .  10 ) .  The record i n g  s e s s i o n wa s d i v i ded i n to 
5 -m i n ute  segme n t s  a nd voc a l i zat i o n s  we re c l a s s i f i ed i n to 2 
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Tab l e 2 5 . Frequency of nu r s i ng a nd c rying voc a l i z at i on s  o f  a 
1 i tte r o f  at l e a s t  3 cub s  dur i ng a 24- hour p e r i od from 
1 03 0  h r s . on 5 M a r c h  to 1 0 1 5  h r s . on 6 M a r c h  1 98 1 . l 
Hou r Nur s i ng C ry i ng Nur s i ng & C ry i ng None 
1 0 3 0- 1 1 3 5  2 3 . 8�6 3 3 . 3�� 1 9 .  s�c; 2 3 . o�c; 
1 1 3 5 - 1 2 4 5  1 0 . 3% 4 5 . 2% 9 . 5% 3 4 . 9?6 
1 2 4 5 - 1 3 4 5  4 3 . 7% 1 9 . 0% 2 3 . 0% 1 4 . 3% 
1 3 5 0 - 1 45 0  5 7 . 9% 7 .  1�6 3 2 . 5�c; 2 . 4% 
1 4 5 0 - 1 5 5 5  2 7 . 0�6 2 0 . 6% 3 4 . 9�� 1 7 . 5�� 
1 5 5 5 - 1 6 5 5  4 3 . 7?� 2 0 . 6% 1 8 .  3?6 1 7 . 5% 
1 7 0 5 - 180 5 1 2 . 7% 3 4  . 1�c; 1 0 . 2% 42 . 9% 
181 0 - 1 9 1 0  1 0 . 3% 3 2 . 5�6 1 9 .  9�� 3 7 . 3% 
1 9 1 5 - 2 0 1 5  6 .  4?0 5 7 . 9�c; 1 3 . 5% 2 2 . 2% 
2 0 2 0 - 2 1 2 0  0 .  0�6 4 0 . 5% 0 .  0�6 5 9 . 5% 
2 1 2 5 - 2 2 2 5  0 . 0% 4 9 . 2�6 0 .  0�6 5 0 . 8% 
2 2 3 0 - 2 3 3 0  0 .  0?6 58 . 7% 0 . 8% 4 0 . 5?& 
2 3 4 0 - 0 0 4 0  7 .  9�6 5 3 . 2?� 2 7 . 0�6 1 1 . 9% 
0 0 4 0- 0 1 40 1 6 . n6 28 . 6% 3 5 . nr; 1 9 . 0?6 
0 2 0 0 - 0 3 0 0  0 .  0�6 5 5 . 6% 0 .  0 7�6 4 4 . 4�6 
0 3 0 5- 0 4 0 5  0 .  8?6 4 0 . 5% 0 . 8% 5 7 . 9�6 
0 4 1 0 - 0 5 1 0  2 2 . 2% 3 2 . 5?6 3 5 . 7?6 9 . 5% 
0 5 4 0 - 0 6 0 3  1 0 . 9% 4 5 . n& 3 0 . 4?6 1 3 . 0% 
0 6 0 4 - 06 3 5  
0 6 3 5 - 0 7 0 5  o . m& 3 3 . 3% 0 . 0% 6 6 . 7% 
0 7 0 5- 080 5 1 0 . 3�6 . 0% 1 7 .  5�6 4 5 . 2% 
92 
Table 2 5  ( cont i nued) 
Hour Nurs i ng Cry i ng Nur s i ng & Cryi ng None 
0 8 1 0 - 0 9 1 0  1 5  . l?b 3 0 . 2�b 2 4 . 6% 3 0 . 2?� 
0 9 2 0 - 1 0 1 5  2 2 . 1;� 3 1 . O�b 2 3 . 9�b 2 3 . 0% 
Average2 1 6 . 3% 3 6 . 1�� 1 7 . 1�� 3 0 . 6% 
1 No rec ord i ng dur i ng t he t i me peri ods o f  0 1 40 - 0 2 0 0 , 0 5 1 0 - 0 5 40 , 
0 6 0 5 - 0 6 3 5 , and 1 0 1 5 - 1 0 3 0  due to equ i p ment fai lures . 
2 0oes not i nc lude 0 5 4 0- 0 7 0 5  adn 0 9 2 0- 1 0 1 5  due to i nc omplete 
record i ngs . 
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D LO ST R EC O R D I N G T I ME 
F i g u re 1 0 . Freq u e n cy o f  n u rs i n g a n d  c ry i n g  v o c a l i z a t i o n s  of a l i tt e r  
o f  a t  l e a s t  3 c u b s  d u r i n g  a 2 4 - h o u r  p er i o d  from 1 0 3 0  h rs . 
o n  5 Ma rch 1 9 8 1  to 1 0 1 5  h rs . o n  6 Ma rch 1 98 1 . 
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c a t e g o r i e s :  1 )  N u r s i n g  v o c a l i z a t i o n s , a n d ; 2 )  C ry i n g  
v o c a l i z a t i o n s  o r  s i l e n c e . I f  a 5 -m i n u t e  se gme n t  c o n t a i n ed 
v o c a l i z a t i o n s  o f  both  c atego r i e s , t h e n  the  s eg m e n t  wa s a s s i g n ed to 
the  c a te g o ry wh i c h o c c u r red mo s t  freq u e n t l y  � u r i n g  t h a t  s e gme n t . 
N u r s i n g voc a l i z a t i o n s  o c c u r r ed t h r o u g h o u t  t h e  day l i g ht  h o u r s  a n d  
s omewha t  d u r i n g  t h e  e v e n i n g h o u r s . S e g me n t s  o f  n u r s i n g 
voc a l i z a t i o n s  e x t e n ded f rom 5 m i n ut e s  to  80  m i n u t e s  ( x=33 . 8  m i n . )  
i n  d u rat i o n . A n ot ab l e l a c k  o f  n u rs i n g  o c c u r red f rom 1 9 30 h r s  to 
0 3 0 0  h r s . , a n d  n u r s i n g  t h e r e a f t e r  was de p re s s e d  u n t i l at l e a s t  
0 5 1 0  h r s . ( F i g .  1 0 ) . 
O t h e r  t h a n  the  r e c e n t  wor k  o f  E i l e r ( 1 98 1 : 27 ) , n o  i n f o rma t i o n  
r e g a rd i n g  the  f r e q u e n cy o f  n u r s i n g i n  b l a c k  b e a r s  i s  a v a i l ab l e .  
E i l e r ( 1 981 : 2 7 )  c o n d uc:ed a 9 - ho u r  rec o rd i n g  s e s s i o n  o f  a fema l e 
a n d  3 n ewbo r n  c u b s , a n d  r e p o rted a n u r s i n g  freq u e n cy o f  2 9% ; t h i s 
wa s s i m i l a r to  t h e  3 3 . 4% a v e ra g e  o b ta i n e d  i n  the  p re s e n t  s t udy . 
Re s u l t s f rom  t h e  p r e s e n t  st udy a l s o  i n d i cated that  t h e r e  may be a 
p a uc i ty o f  n u r s i n g d u r i n g t h e  e v e n i n g h o u r s , a l t h o u g h  t h e r e  wa s n o  
l a c k  o f o t h e r  voc a l i z at i o n s  d u r i n g  the  e v e n i n g h o u r s . O n l y  4 ,  
5 -m i n ut e  s e gm e n t s  d u r i n g t h e  mon i t o r i n g  se s s i o n  we re  w i t h o u t  some 
type of voc a l i z a t i o n , a n d  m o s t  p e r i od s  w i th  a l ac k  of n u r s i ng 
v o c a l i za t i o n s  we re  c ha ra c te r i z ed by p e r i o d s  o f  s i l e n c e  
i n t e r s p e r s e d  w i th  c ry i n g  o r  g ru n t i n g  v o c a l i z a t i o n s .  
T h e  re s u l t s  o f  the  p re s e n t  s t u dy a r e  r e g a rded a s  p r e l i m i n a ry ,  
a n d  s e v e ra l f acto r s  s h o u l d  be  n o t ed . F i r s t , the  voc a l i z a t i o n s  
wh i c h a r e  t e rmed 11 n u r s i n g v o c a l i z a t i o n s 1 1  were  o c c a s i o n a l l y  
o b s e r v ed to be made by c u b s  t h a t  w e re n o t  n u r s i n g .  T h o u g h  t h e s e  
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v o c a l i za t i o n s  may n o t  mea n  t h a t  c u b s  are  n u r s i n g , t h ey p robab l y  
a r e , s i n c e  the  s o u n d s  a re v e ry s i m i 1 a r t o  the  n u r s i n g  
v o ca l i z a t i o n s  d e s c r i bed a s  a 1 1 b u z z i n g 1 1 s o u n d  by Sc h n e i de r  ( 1 933 ; 
i n  Temb roc k 1 9 6 3 ) . S e c o n d , the  freq u e n cy o f  n u r s i n g c o u l d  be 
i n f l u e n c ed by s e v e ra l  f a c to r s , i n c l Ld i n g  a g e  of the c u b s , 
n u t r i t i o na l  c o n d i t i o n  o f  the  m o th e r , wea t he r , a n d  o t h e r  
e n  v i  r o n me n ta 1 f a c to r s . S e v e r a  1 i n v e s t i g a t o r s  r e p o r t i n g o n  t h e  
h a n d - rea r i n g  o f  c u b s  o f  v a r i o u s  s p ec i e s o f  U r s u s  h a v e  de c re a s ed 
t h e  n umber  o f  f e ed i n g s  a s  t h e  c u b s  g o t  o l der  ( Fr e i h e i t  a nd C ro tty 
1 9 6 9 , H e s s  1 9 7 1 , H u l l ey 1 9 76 ) . A l t h o u g h  t h e  above  e xamp l e s were 
not  n a t u ra l  s i t u a t i o n s ,  i t  s e e m s  l og i c a l  that  f re q u e n cy of  n u r s i n g  
wo u l d  dec rea s e  w i th  t h e  i n c r ea s i n g  a g e  o f  c u b s . Howe v e r , t he 
d u r a t i o n o f  t h e  n u r s i n g s e s s i o n may i n c r e a s e  w i th  i n c r ea s i n g a g e , 
a s  d o e s food  i n t a k e . 
F u t u � e  i n v e s t i g a t i o n  o n  n u r s i n g  v o ca l i z a t i o n s  o f  b l a c k  bear  
c ub s  s h o u l d be  c o n d u c ted i n  a c o n t ro l l ed e n v i r o n m e n t ,  s u c h  a s  a 
z o o . T h e  s tudy c o u l d  c o o rd i n a t e  i nve s t i g a t i o n s s u c h  a s  i nd i v i du a l  
v a r i a t i o n  o f  voc a l i z a t i o n s  o f  b l ac k  bear  c u b s , c ha n g e s  o f  
v o c a l i z a t i o n  p a ramet e r s wi th  a g e , n u r s i n g freq u e n cy , a nd c h a n g e  o f  
n u r s i n g  freq u e n cy w i th  a g e . A v i d e o  record e r wou l d  a l s o  b e  u se f u l  
i n  fa c i l i ta t i n g v i s u a l i de n t i f i ca t i o n o f  c u b s  w i th  v oc a l i z a t i o n s , 
a n d  t o  determ i n e  i f  a n d  whe n  n u r s i n g v o c a l i z at i o n s  a re o c c u rr i n g  
w i t h  n o  a c t u a l  n u r s i n g . 
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S e a s o n a l  F l u c t u a t i o n s i n  We i gh t s o f  Fema l e  B e a r s  
We i g h t s  o f  ad u l t fema l e s v a r i ed b y  s e a s o n  a n d  by reproduct i v e 
c o nd i t i o n ( F i g .  1 1 ) . La c ta t i n g  fema l e s  ex h i b i t  the  m o s t  dramat i c  
s e a s o n a l  f l u c t u a t i o n s ;  we i g h t s  d r o p p e d  from  a m e a n  o f  77 . 4  kg 
( ra n g e  6 3 . 6-86 . 2 ) i n  w i n t e r  de n s  to 49 . 1  kg ( ra n g e  45 . 52 . 2 ) i n  
J u n e .  We i g h t s  o f  n o n - l a ctat i n g a n d  l a c t a t i n g  a d u l t fema l e s  
rema i n  r e l a t i v e l y  s i m i l a r from  J u n e  t o  Au g u s t . Howe v e r , i n  
S e p temb e r ,  n o n - l a c t a t i n g a du l t  fema l e s  a p p ea red  to  ga i n  we i g h t  
m o r e  r a p i d l y  t h a n  l a c tat i n g  fema l e s  ( F i g .  1 1 ) , a l t h o u g h  t he 
d i f fe re n c e s  were  n o t  s i g n i f i c a n t  ( P<0 . 2 1 ) . 
D a t a  o n  we i g h t s  o f  i n d i v i d ua l adu l t fema l e s  d u r i n g  
c o n s e c ut i ve s umme r s  a n d  w i n t e r s  i n d i c a t ed t h a t  a du l t fema l e s 
u n d e rg o  s u b s t a n t i a l  we i g h t  c h a n g e s  a s  a r e s u l t o f  t he i r  
r e p rod u c t i v e  c o n d i t i o n  ( Ta b l e 2 6 ) . Fem a l e s w i th n ewbo rn c u b s  i n  
w i n te r  d e n s we i g h e d  a n  a v e ra g e  o f  3 1 . 0  kg h e a v i e r t h a n  t hey d i d  a s  
fema l e s w i th  yea r l i n g s  i n  w i n t e r  d e n s .  Ba s e d  o n  t h e  a v e ra g e  
we i g ht  o f  n o n - l a c t a t i n g fema l e s i n  Se p t e mber  ( x=58 . 5  kg ) ,  
a p p ro x i mate l y  2/3  o f  t h i s we i g h t  g a i n ( x= 1 9 . 9  kg ) o c c u r r ed from  
S eptember  u n t i l t hey we r e  we i g hed i n  w i n t e r  de n s .  U nd oubted l y ,  
p re g n a n t  fema l e s a re s u b s t a n t i a l l y  h e a v i e r u p o n  e n t ry i n to  d e n s i n  
Dec embe r ,  t h a n  d u r i n g  Marc h , w h e n  t h ey a v e r a g ed 77 . 4  kg . I n  
P e n n sy l v a n i a ,  1 p r e g n a n t  fema l e  l o st  2 3% o f  h e r  we i g h t  f rom 
s h o rt l y  a ft e r  den  e n t ry to  2 5  M a r c h  ( A l t 1 98 0 ) . T i etj e and Ru 
( 1 980 ) re J o rt e d  t h a t  1 fema l e  w i t h  n ewb o r n  c ub s  l o s t  9% more b ody 
we i g ht  i n  t h e  d e n  t h a n  o t h e r  b l ac k  
o f f  r i n g .  
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Fi g u r e 1 1 .  S e a s o n a l  w e i g h t  cha n ge s  o f  fema l e b l a c k  b e a r s  i n  t h e  
GSMN P a n d  CN F ,  1 9 80-82 . 
q g  
fa b l e  2 6 . S e a s o n a l f l uc t u a t i on s  i n  we i g h t  o f  i nd i v i d u a l a d u l t  fema l e  b l a c k  b e n r s  o f  t h e  G SM N P  a nd C N F  
ex a m i ned d u r i ng c o n s e c u t i ve yen r s  a n d  u nd e r d i f fe re n t  re p ro d u c t i ve c o n d i t i o n s ,  1 9 7 9 - 1 98 2 . 
!.lea r no . 
4 8 7  
10 6 
f 2  
F 1 3 
2 1  
4 2 1  
3 0 6  
We i g h t  { kg )  s u mme r 
b e fo re g i v i ng 
b i r t t1 { yea r )  
li9 . 9  ( 1 9 79 ) 
3 8 . 6  ( 1 9 7 9 ) 
IJ 9 . 9  ( 1 9 8 1 ) 
5 6 . 7  ( 1 98 1 ) 
6 5 . 8  ( 1 98 1 ) 
4 9 . 9  ( 1 9 8 1 ) 
5 9 . 0 ( 1 98 1 ) 
We i g h t  ( kg )  w i n t e r  
o f  g i v i n g 
b i r t h  ( yn o r )  
8 3 . 9  ( 1 9 82 ) 
8 6 . 2  ( 1 9 80 ) 
8 6 . 2  ( 1 9 8 2 ) 
---
6 8 . 0  ( 1 98 2 ) 
7 7 .  1 { 1 98 2 ) 
8 6 . 2  ( 1 9 8 2 ) 
7 2 . 6  ( 1 98 2 ) 
7 ., . 1 ( 1 9 8 2 ) 
We i g h t  { kg )  s umme r· 
a f t e r g i v i ng 
b i r t tJ ( yea r ) 
5 2 . 2  ( 1 9 80 ) 
4 3 .  1 ( 1 98 0 ) 
We i g h t  ( kg )  w i n t e r  
w i t h ye a r l  i ny s  { ye a r )  
5 2 . 2  ( 1 98 1 ) 
3 8 .  6 ( 1 9 8 1  l 
4 l .  6 ( 1 98 1  ) 
1 Sou r c e  o f  i n fo rma t i o n fo r we i g h t s  o f  s umme r o f  1 9 7 9  a n d  w i n te r o f  1 98 0 :  E i l e r  ( 1 9 8 1 : 1 1 2 - l l l! ) .  
We i g ht  d a t a  o f  the  p r e s e n t s t udy c o n c u r  w i th  data  p r e s e n ted 
by E i l e r ( 1 9 8 1 : 6 2 )  f o r  1 9 78- 1980  i n  the  same  s t u dy a re a . 
Howe v e r , t h e  a v e ra g e  we i g ht  o f  l a cta t i n g  fema l e s i n  den s ( . 4  
kg ) o b s e r v ed d u r i n g  the p re s e n t  s t udy wa s l a rg e r  t h a n  t h e  
a p p r o x i mate  a v e r a g e  o f  70  kg  o b s e rved  by E i l e r ( 1 9 8 1 : 6 4 ) . T h i s 
d i s c r e p a n cy may be  d u e  to  t h e  f a c t  t h a t , i n  t h e  p re s e n t  st udy , 9 
o f  t h e  1 0  l a c t a t i n g fema l e s i n  w i n t e r  n s  were  we i g hed  d u r i n g  t h e  
w i n t e r  o f  1 98 2 , wh i c h fo l l owed t h e  g o o d  ma s t  c r o p  o f  1 9 8 1 . 
The  i n f l u e n c e  o f  rep roduc t i v e  c o n d i t i o n  o n  the  we i g h t s  o f  
adu l t  fema l e s  h a s  b e e n  r eco g n i z e d  by s e v e ra l i n ve s t i g at o r s  ( J o n 
a n d  C ow a n  1 9 7 1 , Ro g e r s  1 9 7 6 , A l t 1 980 , B e e c h am 1 980 , E i l e r 
1 98 1 : 6 2 ,  Graber  1 9 8 1 : 4 1 ) . T h a t  n ewbo r n  c u b s  c o n s t i t ute  a 
s i g n i f i c a n t  s t r a i n  o n  the  e n e rgy r e s e r v e s  o f  t h e  m o t h e r  i s  
e v i d e n ced  by t h e  h i g he r  l ev e l s o f  act i v i ty o f  f ema l e s w i t h  c u b s  
t h a n  o t h e r  b e a r s ,  p a rt i c u l a r l y  d u r i n g  t h e  fa l l  f orag i n g p e r i od 
( Ga r s h e l i s  and  P e l t o n  1 980 , Qu i g l ey 1 982 : 4 5 ,  V i l l a rr u b i a 1 9 82 : 44 ) . 
E v e n  w i th t h e s e  h i g h e r  l e v e l s o f  a c t i v i ty ,  f ema l e s w i th c u b s  
a p p a re n t l y  g a i n ed l i tt l e  we i g h t  f o r e  d e n  e n t ry ( F i g .  1 1 ) . 
P r eg n a n t  fema l e s , o n  the  o t h e r  h a n d , we re a b l e to  g a i n  s u b s ta n t i a l  
we i g h t  b e f o r e  d e n  e n t ry ,  
fema l e s w i th  c u b s . 
s p i te  l owe r l e v e l s o f  ac t i v i ty tha n 
1 0 0  
CHAPTER V I  
SUMMARY AND CONCLUS I O N S  
1 .  Most females entered dens during the last 2 weeks of 
December and the first week of J anuary and emerged du ring the 
first 2 weeks of April , for an average denning period of 113 days . 
Den emergence was influenced by a combination of reproductive 
condition of the female and the type of den utilized . Females 
with yearlings emerged from dens first , followed by females 
without offspring and females with newborn cubs . Females with 
newborn cubs that denned in trees emerged from dens significantly 
later and denned for a significantly longer period than females of 
other reproductive conditions and den types . 
2. Climatic factors exhibited weak linear relationships to 
the number of females entering or emerging from dens. 
3. Ground denning females with yearlings or females without 
offspring were the most likely to abandon dens. Although females 
with newborn cubs that denned on the ground occasionally (n=2 ) 
abandoned their dens and young, they alway s returned to the young 
within 2 4  hours. 
4 .  The maj ority (56.9% ) of females utilized tree dens . 
However, yearly differences were noted : 1 )  most (79.3%) dens 
utilized during the winter of 1980-81 were tree dens, 2 )  the 
majority ( 6 5 . 5% )  of females utilized ground dens during the winter 
of 1981-82 . 
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5. Fi ve dens of 2-year old bears that were known offspri ng 
of rad i o  i nstrumented females were l ocated. Three of the 5 were 
located i n  tree cav i ti es, i nd i cati ng that bears learn of potent i al 
tree dens at a young age . 
6.  Four occasi ons of den reuse were observed. It i s  
suggested that some method of mar k i ng and mappi ng currently 
uti li zed dens be developed to mon i tor patterns of den use and 
reuse . 
7. Two peri ods of estrus were observed : 1 )  22 J une to 1 2  
J uly and ; 2) 5 August to 1 8  Augu st. Females exh i bi ti ng estrous 
si gns dur i ng the second peri od were younger (x= 2 . 33 years). 
Vag i nal smears were unrel i able for detecti ng or ver i fy i ng the 
estrous cond i t i on .  However, serum concentrat i ons of estradi ol- 178 
showed promi se i n  ver i fy i ng estrus ; females observed i n  estrus had 
s i gn i fi cantly hi gher (P<0 . 00 1 )  levels of estradi ol than females 
show i ng no si gns of estrus. 
8. Eleven of 39 (28. 2%) adu lt females trapped dur i ng the 
summer were lactati ng, but d i fferences occurred between years : 1 )  
4 7 . 6% of adult females were lactat i ng duri ng 1 980, and ; 2) only 
5. 9% were lactati ng duri ng 1 981 . These d i fferences were related 
largely to nutr i ti onal factors . 
9 .  The average age at fi rst reproducti on was 5. 2 years 
(range 4-6) . 
1 0 . The mean i nterval between li tters was 2 . 15 years wi th 
the majori ty of i ntervals bei ng 2 years i n  length . 
1 0 2  
1 1 .  Av a i l ab i l i ty o f  h a rd ma st  a p p e a red  to  i n f l u e n c e  ma ny  
re p roduct i ve pa ramete r s  s i g n i f i c a n t l y ,  i n c l ud i n g  m n i mum  
rep rod uct i ve a g e , p roduct i v i ty ,  a nd c u b  s u r v i v a l . Wh i te o a k  ma st  
a p p e a re d  to  b e  e s p ec i a l l y  b e n e f i c i a l to  fema l e s ;  f o l l ow i n g  year s  
o f  g o od wh i t e o a k  ma st  p rod u ct i on ; p rodu c t i v i ty wa s n e a r l y  a l way s 
h i g h .  
1 2 . T h e  m e a n  o b s e rved  l i tt e r  s i ze o f  n ewbo rn c u b s  wa s 2 . 58 .  
L i t t e r s  o f  2 ( 42 . 1% )  a nd 3 ( 42 . 1% )  we r e  o b s erved  m o s t  f r e q ue n tl y .  
L i t t e r  s i z e s  we re u nd e r e s t i mated  by a n a l y s i s rec o rded  
v oc a l i z a t i o n s .  U nde r e s t i ma t i o n s  i n  1 98 2  may h ave  r e s u l ted  f r om 
fewe r v oc a l i z at i o n s  by c u b s  t ha t  we re i n  g ood  p hy s i c a l  c o n dt i t i o n . 
I t  i s  s u g g e sted  t h a t  rec o rd i n g s  b e  made a s  s o o n  a f t e r  b i r t h  o f  t h e  
c u b s  a s  p o s s i b l e t o  m ax i m i z e c h a n c e s o f  a c c ou n t i n g f o r  a l l c u b s . 
1 3 .  C u b  m o r ta l i ty wa s e s t i ma ted by compa r i ng t h e  n umber  o f  
yea r l i n g s  o b s e rved  w i th fema l e s  i n  w i n te r  den s t o  t h e  n u mb e r o f  
c u b s  t h a t  h a d  b e e n  o b s er v ed w i t h  t h e  s a m e  fema l e  t h e  p r ev i o u s  
w i n te r .  Ove ra l l c u b  morta l i ty f o r  t h e  study wa s 3 7 . 5% ,  w i t h  1 2 . 5% 
a n d  87 . 5% morta l i ty rate s  o c c u r r i n g i n  1 98 1  a nd 1 982 , 
r e s p e c t i ve l y . T h e s e  yea r l y  d i f f e re n c e s  were  l i ke l y  r e l a te d  t o  t h e  
i n f l u e n ce o f  m a s t  a v a i l ab i l ty o n  the  p hy s i c a l  c o n d i t i o n o f  t h e  
fema l e a nd h e r  a b i l i ty to s u p p o rt c u b s . 
1 4 .  We i g h t s  o f  c u b s  i n  w i n t e r  n s  we re s i g n i f i ca n t l y  
d i f r e n t  amo n g  l i tt e r  s i ze s ;  c u b s  o f  l a r g e r  l i t t e r s  we re  l i g ht e r  
i n  we i g h t . Ra n g e s  i n  we i g h t s  between  t h e  sma l l e s t  a n d  l a rg e s t  
c u b s  were  s i g n i f i c a n t l y  l ar g e r  f o r  l i tt e r s  o f  4 ( x=0 . 6 0 kg ) t h a n  
they we re  f o r  l i tt e r s  o f  2 ( . 1 7 kg ) o r  3 ( x=0 . 22 kg ) . 
1 0 3  
1 5 . C he st  b l a z e s  were  o b s e r v ed o n  5 0% ( 2 0 o f  40 ) o f  n ewbo r n  
c ub s .  T h e  maj o r i ty ( n= 1 7 ) o f  t h e  c h e s t  b l a z e s  c o n s i s t ed o f  o n l y  a 
few  w h i te  h a i r s . 
1 6 . I de n t i f i c a t i o n  o f  i n d i v i du a l  c u b s  o r  l i t t e r  g ro u o s  by 
a n a l y s i s o f  c ry v o c a l i za t i o n s  was  l a rge l y  u n s u c ce s s f u l . Howe v e r , 
t h e  c l a s s i f i c a t i on o f  sex  u s i n g  t h e  d u r at i o n o f  the  c ry a n d  
f r e q u e n cy o f  t h e  2 n d f o rma n t  f o r  c r i e s  reco rded a f t e r  e a r  tag g i n g 
re s u l ted  i n  1 00% a c c u ra cy ( 1 4 o f  1 4 ) . Fu rt h e r  r e s e a r c h  o n  
v o c a l i za t i o n s  o f  c u b s  s ho u l d  b e  c o nducted i n  a c o n t ro l l ed 
e n v i r o n me n t  s u c h  a s  a z o o  to  l e a r n  i f  i n d i v i d u a l d i ffe r e n c e s  i n  
v o i ce p a t t e r n s d o  e x i s t  a nd t o  mo n i to r  c h a n g e s  i n  v o i c e  o a t t e r n s 
w i t h  i n c rea s i n g  a g e  o f  c ub s .  
1 7 . D u r i n g a 2 4 - h o u r  r e c o rd i n g  s e s s i o n , freq u e n cy o f  n u r s i n g 
a v e raged  3 3 . 4% f o r  e a c h  h o u r . N o  h o u r  wa s w i t h o u t  some  typ e  o f  
v o c a l i z a t i o n . N u r s i n g v o ca l i z a t i o n s  o c c u r red p r i ma r i l y  i n  t h e  day 
l i g h t  h o u r s  from  08 0 0 - 1 9 3 0  h o u r s . Segme n t s  o f  n u r s i n g 
v o ca l i z a t i o n s  a v e r a g ed 3 3 . 8  m i n u t e s  i n  l e n g t h . 
1 8 . We i g h t s  o f  ad u l t f e ma l e s  were  i n f l u e n c e d  by s e a s o n  a n d  
re p ro du c t i v e  s t a t u s .  Fema l e s  w i t h  n ewbo rn c u b s  we i g h ed a n  a v e r a g e  
o f  3 1  kg h e a v i e r  i n  w i n te r  d e n s  t h a n  t h ey d i d  a s  fema l e s  w i th  
y e a r l i n g s  i n  w i n t e r  d e n s .  
1 0 4  
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A l do u s , S .  E .  
Mamma 1 .  
1 9 3 7 . A h i b e r n a t i n g b l a c k  b e a r  w i t h c u b s . J .  
1 8 : 4 6 6-468 . 
A l t ,  G .  L .  1 980 . R a te o f  g rowth a n d  s i ze o f  P e n n sy l v a n i a  b l a c k  
a r s . P a . G ame  News 5 1 ( 1 2 ) : 7- 1 7 . 
1 98 1 . R e s u l t s  o f  P e n n sy l v a n i a ' s  1 9 80 r h a r v e s t . P a .  
--Game N ew s  ( 1 0 )  : 20 -2 5 . 
1 982 . Re p roduct i v e b i o l o gy o f  P en n sy l v a n i a ' s b l ac k  bea r . 
. Game News  ( 2 ) : 9 - 1 5 .  
, F .  W .  A l t ,  a n d  J .  S .  L i n dzey . 1 9 7 6 . Home  r a n g e  a n d  
a c t i v i ty p a tt e r n s o f  b l ac k  b e a r s  i n  n o rthea s t e r n  
P e n n sy l v an i a .  P ro c . N o rt h ea s t . o f  t h e  W i l d l . S o c . 
3 3 : 45-56 . 
Ammo n s , A .  E .  1 97 4 .  O b s e r v a t i o n s  o f  r e p ro d u c t i ve a c t i v i ty o f  
b l a c k  b e a r s  i n  N o rth  C a ro l i n a ,  p p . 98- 1 00 . I n  M .  R .  P e l ton  
and  R .  H .  C o n l ey ,  s .  P ro c eed i n g s  of  s e c o n d  e a s t e rn 
wo r k s h o p  o n  b l a c k  b ear s , G at l i b u rg , T N . 242  p p . 
A n o nym o u s . 1 9 4 5 . S o i l S u r v ey , S e v i er C o u n ty .  U . S .  p t . o f  Ag r i  c . , 
U n i v .  n n e s s e e  Agr i c .  E x p . Stat i o n , a n d  Te n n .  V a l l ey 
Autho r i ty .  1 1 9  p p . 
A no nymo u s . 1 9 5 3 . S o i l S u r v ey , B l o u n t  C o u n ty . U . S .  De p t . o f  Ag r i c . , 
U n i v .  Te n n e s s e e  Agr i c .  E x p . Sta t i o n , a n d  Te n n . V a l l ey 
A u t ho r i ty .  1 1 9  p p . 
A s de l l ,  S .  A .  1 94 6 . P atte r n s  o f  mamma l i a n r e produc t i o n . 
C o m s t o c k  P ub l i s h i ng C o . ,  I n c . I t h a c a , NY . 4 3 4  p p .  
B a k e r , A .  B .  1 9 04 . A n o t a b l e  s uc c e s s  i n  t he  breed i ng o f  b l a c k  
b e a r s . Sm i th s o n i an M i s c . C a l l .  45 : 1 7 5 - 1 7 9 . 
B e e c ham , J .  J .  l 980a . S ome  p o p u l a t i o n  c h a ra c te r i st i c s o f  two 
b l a c k  b e a r  p o p u l a t i o n s  i n  I d a ho , p p . 2 0 1 -20 4 . I n  C .  J .  
Ma rt i n ka a n d  K .  L .  McArth u r , ed s .  B e a rs - t h e i r  b i o l ogy  a nd  
m a na g em e n t .  Bear  B i o l . A s s o c . C o n f .  S e r . P ub l . 3 ,  3 7 5  pp  . 
--
. 1 980b . P o p u l a t i o n c h a ra c t e r i s t i c s ,  de n n i n g ,  a n d  g rowt h 
p a t t e rn s o f  b l ac k  b e a r s  i n  I daho . P h . D .  D i s s . , U n i v .  
M o n ta n a , M i s so u l a .  1 0 1  p p . 
Beema n , L .  E .  1 9 7 5 . P o pu l at i on c h a ra c t e r i s t i c s , moveme n t s , a n d  
a c t i v i t i e s o f  t h e  b l a c k  b e a r  ( U r s u s  ame r i ca n u s )  i n  t h e  G re a t  
S m o ky Mo u n ta i n s  N at i on a l  P a r k .  U n p u b l . P h . D . D i s s . , U n i v .  o f  
T e n n e s s e e , Kn o x v i l l e .  2 18 p p . 
1 0 6  
, a nd  M .  R .  P e l t o n . 1 980 . S e a s o n a l  f o o d s  a n d  ed i n g e c o l ogy  
o f  b l a c k  b e a r s  i n  t h e  Smo ky Mo u n t a i n s ,  p p . 1 4 1 - 1 48 .  I n  C .  J .  
M a rt i n ka a n d  K .  L .  McArt h u r , ed s .  r s- t h e i r  b i o l o gy a n d  
m a n a g eme n t . a r  B � o l . A s s o c . C o n f .  S e r . P u b l . 3 ,  3 7 5  
r ,  C .  G .  1 97 0 . I n d i v i d ua l r e c o g n i t i o n o f  v o i c e  i n  t h e  so c i a l  
b e h a v i or o f  b i rd s ,  pp . 2 7- 7 4 . I n  D .  S .  L ehrma n , R .  A .  H i nd e , 
a n d  E .  S h aw ,  e d s . Adv a n c e s  i n  the  study o f  b e ha v i o r ,  Vo l . 3 .  
E l s ev i e r P u b l i s h i n g  C o . ,  Am s t e rda m . 
Bu n n e l l ,  F .  L . , a n d  D .  E .  N .  T a i t .  1 98 1 . P o p u l a t i o n  dyn a m i c s  o f  
b e a rs - i mp l i c a t i o n s ,  p p . 7 5 -98 . I n  C .  W .  Fow l e r  a nd T .  D .  
Sm i th ,  ed s .  Dy n a m i c s  o f  l a rge  mamma l p o p u l a t i o n s .  J o h n W i l ey 
a nd So n s ,  N ew Y o r k , NY . 4 7 7  p p . 
B u r s t , T .  L .  1 9 7 9 . An  a n a l ys i s o f  t re e s  ma rked  by b l ac k  b e a r s  i n  
the  Great  Smo ky Mo u n t a i n s N a t i o n a l P a r k . U n p ub l . M .  S .  
T he s i s ,  U n i v .  o f  T e n n e s s e e , Kn o x v i l l e .  
B u t t e rwort h , B .  B .  1 9 69 . P o s t n a t a l g rowth a nd deve l o pm e n t  o f  
U r s u s  ame r i  n u s . J .  Mamma l .  50 : 6 1 5 -6 1 6 . 
C o l l i n s ,  J .  M .  1 9 7 3 . S ome a s p e c t s  o f  rep rod uct i o n a n d  a g e  
s t r uc t u r e s  i n  t h e  b l a c k  r i n  N o rt h  C a r o l i n a .  P ro c . S .  E .  
A s soc . Game a nd  F i sh  Comm . 2 7 : 1 6 3 - 1 7 0 . 
C ra i g head , F .  C . , J r . , a n d  J .  J .  C r a i g h e a d . 1 9 7 2 . G r i z z l y  bear  
p re h i b e r n a t i o n a nd  de n n i n g a c t i v i t i e s a s  dete rm i n  by  rad i o 
t r a c k i n g . W i l d l . M o n og r .  3 2 . 3 5  p p . 
D i c k s o n , R .  R .  1 9 6 0 . C l i ma te s  o f  t h e  s t a t e s :  Te n n e s s e e . U .  S .  
D e p t . o f  C o mme rce ,  We a t h e r  B u reau , C l i ma to l ogy o f  t h e  U .  S . , 
No . 6 0-40 . 1 6  p p . 
Ea g l e ,  T .  C .  1 9 7 9 . Food s o f  b l a c k  b e a r s  i n  t h e  Great  Smo ky 
M o u nta i n s N a t i o n a l  P a r k .  U n p u b l . M .  S .  T h e s i s ,  U n i v .  o f  
T e n ne s se e , K n o x v i l l e .  1 0 4  p p . 
, a nd M .  R .  P e l t o 1 . 1 978 . A tooth s e c t i o n i n g a n d s i mp l i f i ed 
s ta i n i ng tec h n i q u e  f o r  a g i n g b l a c k  b e a r s  i n  t he  s o u t h e a s t ,  
p p . 9 2- 9 7 . I n  R .  0 .  H ug i e ,  ed . P ro c  4th  e a s t e r n  b l a c k  b e a r  
w o r k s h o p . Gree n v i l l e ,  M E . 409  p p . 
E i l e r ,  J .  H .  1 98 1 . R e p roduct i v e b i o l ogy o f  b l a c k  b e a r s  i n  t h e  
Smoky Mo u n ta i n s  o f  T e n n e s s e e . M . S .  T he s i s ,  U n i v .  Te n n e s s ee , 
K n o x v i l l e .  1 1 7 p p . 
E r i c k s o n , A .  W . , a n d  J .  E .  N e l l o r .  1 9 6 4 . B ree d i n g  b i o l ogy o f  t h e  
b l a c k  be a r ,  p p . 1 - . I n The  b l a ck  b e a r  i n  M i c h i g a n . M i c h i g a n  
S t .  U n i v .  Ag r i c .  p .  S t n . R e s . Bu l l .  4 .  1 0 2  p p . 
E s pm a r k , Y .  1 9 7 5 . I n d i v i du a l  c h a ra c te r i s t i c s  i n  t h e  c a l l s  o f  
r e i nde e r  ca l ve s . Beh a v i o u r  5 4 : 50 - 5 9 . 
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n n em a n s ,  N . M .  1 9 38 . P hy s i o g r a p hy o f  the  e a s t e r n  U n i ted  S t a te s .  
McGraw- H i  1 1 , New Yor k .  7 1 4.  p p . 
Fo r e s ma n , K .  R . , a n d  J .  C .  D an i e l , J r .  1 98 3 . P l a sma  p ro g e s t e r o n e  
c o n c e n t rat i on s  i n  p r e g n a n t  a n d  n o n - p re g n a n t  b l a c k  b e a r s  
( ) .  J .  p rod . rt . ( i n  p r e s s ) . 
F re i he i t ,  C .  F . , a n d  M .  J .  C rotty . 1 9 6 9 . H a nd re a r i n g  Kod i a k  a r s  
( U r s u s  a r c t o s  m i dde n d o r f i )  a t  B u f fa l o Zoo . I n t e r . Z o o  
Y e a rboo k 9 : 1 58 - 1 60 . 
G a r s h e l i s , D .  L .  1 9 78 . Mo veme n t  e c o l o gy a nd  ac t i v i ty h a v i o u r  o f  
b l a c k  b e a r s  i n  t h e  G re a t  Smo ky M o u n ta i n s  N a t i o n a l  P a r k .  
U n p ub l . 1"1 . S .  T he s i s ,  U n i v .  o f  T e n n e s se e , Kn o x v i l l e .  1 1 7  p p . 
a n d  M .  R .  P e l t o n . 1 98 0 . Ac t i v i ty o f  b l a c k  a r s  i n  t he  
at  Smo ky M o u n t a i n s N at i o n a l  P a r k .  J .  Mamma l . 6 1 : 1 9 . 
G ra b e r ,  D .  M .  1 9 8 1 . E c o l o gy a n d  m a n  
Yo s em i t e N a t i o n a l  P a r k . P h . D . 
2 0 6  p p . 
eme n t  o f  b l ac k  b e a r s  i n  
i s s .  U n i v .  C a l i fo rn i a ,  Da v i s .  
H am i l to n , R .  J . ,  a n d  R .  L .  ,"1 a rc h i n t o n . 1 980 . n n i n g a n d  re l a ted  
a c t i v i t i e s  o f  b l ac k  ar s  i n  the  c o a s t a l p l a i n  o f  N o rth  
C a r o l i n a ,  p p . 1 2 2 - 1 2 6 . I n  C . J .  M a rt i n ka a n d  K . L .  McArt h u r , 
e d s . Be a r s - t he i r  b i o l o gy a n d  m a n a g e me n t . B e a r  B i o l . A s s o c . 
C o n f .  S e r .  P u b l . 3 ,  3 7 5  p p . 
H a r l ow ,  R .  F .  1 9 6 1 . C h a r a c t e r i s t i c s  a nd s ta t u s  o f  F l o r i da b l a c k  
b e a r .  T ra n s .  N .  Am . W i l d l . N a t . R e s .  C on f .  2 6 : 48 1 - 49 5 . 
H a t l e r ,  D .  F .  1 96 7 . S ome a s p e c t s  i n  t he  e c o l o gy o f  t h e  b l ac k  b e a r  
( U r s u s  ame r i ca n u s )  i n  i n te r i o r  A l a s ka . U n p ub l . M .  S .  s i s ,  
U n i v .  o f  A l a s ka , C o l l eg e . 1 1 1  p p . 
H e s s , J .  K .  1 97 1 .  H a n d  r e a r i ng p o l a r a r  c u b s  ( T ha l a rc t o s  
ma r i t i m u s )  a t  S t . P a u l  Zoo . I n te r .  Z oo  Y e a r bo o k  1 1 : 1 0 2 - 1 0 7 . 
H u l l ey ,  J .  T .  1 97 6 . H a n d  r e a r i n g  Ame r i c a n  b l ac k  b e a r  c u b s  ( � r s u s  
amer i ca n u s )  a t  To ro n to Z o o . I n te r . Y e a r bo o k  1 6 : 2 02-20 5  
J o h n s o n , K .  G .  1 978 . De n  e c o l o gy o f  b l a c k  b ear s  ( U r s u s  
ame r i ca n u s )  i n  t h e  G re a t  Smo ky M o u n ta i n s  N a t i �Pa r k .  
U n p ub l . M .  S .  T h e s i s ,  U n i v .  o f  Te n n e s s e e , K n o x v i l l e .  1 0 7  p p  . 
. 1 982 . A n n u a l  p r o g re s s  r e p o rt-ba i t  s ta t i o n  s u rv ey s  to 
t erm i n e  re l a t i v e d en s i ty ,  d i s t r i b u t i on , a n d  a c t i v i t i e s o f  
b l ac k  b e a r s  i n  t h e  S o u t h e r n Appa l a c h i a n Reg i on . 1 6  p p . 
U n p u b l . d a ta . 
1 08 
, a nd M .  R .  P e l t o n . 1 9 7 9 . Oe n n : n g h a v i o r o f  b l a c k  b e a r s  i n  
t G r e a t  Smo ky Moc n ta i n s  N a t i n a l  P a r k . P roc . A n n .  C o n f .  S .  
E .  A s s oc . F i s h  a n d W i l d l . Age n c i e s  33 : 23 
, a nd . 1 980a . E n v i ronme n t a l  re l at i on s h i p s a n d  t h e  
de n n i n g  p e r i od o f  b l ac k  a r s  � n  T e n n e s s e e . J .  M amm a l . 
6 1 : 6 5 3  60 . 
_____ , a n d  1 9 80b . P re ba i t i n g a n d  s n a r i n g  tec h n i q u e s  f o r  
l ac k  b e a r s . W i l d l . S o c . B u l l . 8 : 4 6-54  . 
__ , a nd 
l ac k  
. 1 98 1 . S e l ec t i on  a n d  a v a i l ab i l i ty o f  de n s  f o r  
�-r s  i n  T e n n e s s e e . J .  W i l d l . M a n a g e . 4 5 : 1 1 1- 1 1 9 . 
, D .  0 .  J o h n s o n , a nd  M .  R .  P e l t o n . 1 9 78 . S i mu l at i o n  o f  
w i n t e r  h e a t  l o s s  for  a b l a c k  b ear  i n  a c l o s  t ree  d e n . 
P ro c . Ea st . B l a c k  B e a r Wo r k s h op 4 : 1 55 - 1 6 6 . 
J o n ke l , C .  J . , a n d  I .  .� . C owa n . 1 9 7 1 .  The  b l a c k  b e a r  i n  t h e  
sp ruc e- f i r f o re s t . W i l d l . M o n o g r .  . 5 7  p p . 
K i n g , P .  B . , R .  8 .  N e uma n , a n d  J .  B .  H a d l ey . 1 968 . G e o l o gy o f  the  
G r e a t  Smo ky M o u n ta i n s  N at i o n a l  P a r k ,  n n e s s e e  a n d  N o rt h  
C a r o l i n a .  Ge o l . S u r . P ro f . P a p e r  587 . 2 3  p p . 
Korde k ,  W .  S . , a n d  J .  n d zey . 1 9 80 . P re l i m i n a ry a n a l y s i s o f  
fema l e r e p rod uct i ve t ract s  f rom P e n n sy l v a n i a  b l a c k  b e a r s , p p . 
1 5 9 - 1 6 2 . I n  C .  J .  M a rt i n ka a nd  K .  L .  McArt h u r ,  ed s .  
B e a r s - t h e i r  b i o l ogy a n d  ma n a g eme n t . r B i o l . A s s oc . C o n f . 
S e t  P u b l . 3 , 37 5  pp . 
Lambert , R .  S .  1 9 6 1 .  Lo g g i n g t h e  Great  Smo k i e s , 1880- 1 9 30 . 
n ne s s e e  H i s t .  Quart . 2 0 : 3 5 0  6 3 . 
L eC o u nt , A .  L .  1 98 0 . S ome  a s p e ct s o f  b l a c k  r e c o l o gy 
A r i z o n a  c h a r p a rra l , p p . 1 7  1 79 . I n  C .  J .  M a rt i n ka 
McArth u r ,  e d s . B e a r s-The i r  b i o l o gy a n d  m a n a g emen t .  
B i o l . A s s o c . C o n f .  S e r . P u b l . 3 ,  3 7 5  pp  . 
i n  t h e  
a n d  K .  L .  
B e a r  
. 1 982 . C h a ra c t e r i s t i c s o f  a c e n t r a l  Ar i z o n a  b l a c k  b e a r  
p o p u l a t i o n . J .  W i l d l . M a n a g e . 4 6 ( 4 ) : 86 1 -868 . 
. 1 983 . i de n c e  o f  w i l d  b l a c k  b e a r s  breed i ng wh i l e  ra i s i n g 
c u b s . J .  W i l d l . Ma n a g e . 47 : 264-26 8 . 
n t z , W .  M . , R . L . Ma rc h i n t o n , a n d  D . M .  C a r l o c k .  1 98 1 . B l a c k  r 
h a b i t a t  i n  n o rt h  Georg i a :  some i mp l i c at i o n s  o f  w i l de r n e s s  
de s i g n a t i o n . P roc . A n n .  C o n f .  S . E .  A s s oc . F i s h  a nd W i l d l . 
A g e nc i e s .  3 4 : 5 50-556 . 
L i n d z ey , F .  G .  1 98 1 . D e n n i n g date s a nd  h u n t i n g  s e a s o n s for  b l a c k  
b e a r s . W i l d l . S o c . B u l l .  9 : 2 1  2 1 6 . 
1 0 9  
, a nd E .  C .  M e s l ow .  1 9 7 6 . C h a ra c t e r i s t i c s  o f  b l a c k  b e a r  den s 
o n  Lo n g  I s l a n d , Wa s h i n g t o n . N o r t hwe s t  S c i . 5 0 : 2 36 - 2 4 2 . 
, a n d  1 9 77 . P o p u l a t i o n c h a ra c t e r i s t i c s  o f  b l a c k  bea r s  
on  an  s a n d  i n  Wa sh i n g ton . J .  W i l d l . Ma n a g e . 4 1 : 408- 4 1 2 .  
, a nd  1 98 0 . H a rv e s t  a nd  p o p u l a t i o n c h a ra c te r i s t i c s  o f  
b l a c k  r s  i n  Ore g o n  ( 1 9 7 1 - 7 4 ) , pp . 2 1 3 - 2 1 9 . I n  C . J . 
M a r t i n ka a nd  K . L .  �cArt h u r , s .  B e a r s - t h e i r  b i o l o gy a n d  
m a n a g eme n t . r B i o l . A s s o c . C o n f .  S e r .  P u b l . 3 ,  3 7 4  p p . 
L i n z ey , A .  V . , a n d  D .  N .  L i n z ey . 1 97 1 . Mamma l s  o f  t he  Smo ky 
� o u n t a i n s  N a t i o na l  r k . U n i v e rs i ty o f  T e n n e s s e e  P r e s s . 
M a t s o n , J .  R .  1 9  . L i t ter  s i z e i n  t he b l ac k be a r .  J .  Mamma l . 
3 3 : 2 4 6 - 2 4 7  . 
. 1 9 5 4 . O b s e r v a t i o n s  o f  t he  d o rm a n t  p h a s e  o f  a b l a c k  bea r .  
--J .  Mamma l . 3 5 ; 2 8- 3 5 . 
M i l l e r ,  R .  S .  1 9 6 3 . We i g h t s  a n d  c o l o r  p h a s e s  o f  b l ac k  b e a r  c u b s . 
J .  Mamma l . 4 4 : 1 2 9 . 
Mo r s e , M .  A .  1 9 3 7 . H i be r n a t i o n  a n d  b re ed i n g  o f  the  b l a c k  be a r . J .  
Mamma l .  1 8 : 460- 465 . 
N a l b a n d o v , A .  V .  1 9 7 6 . R e p roduc t i v e p hy s i o l o gy o f  mamma l s  a nd 
b i rd s . W .  H .  Freeman  a n d  C o . , San  F r a n c i sc o . 3 3 4  p p . 
P e l to n , M .  R . , L .  E .  Beema n , a n d  D .  C .  E ag a r . 1 980 . Den  s e l e ct i o n 
by b l a c k b e a r s  i n  t h e  G re a t  Smo ky Mo u n ta i n s  N at i o n a l  P a r k ,  
pp . 1 49- 1 5 1 . I n  C .  J .  Mar t i n ka a n d  K .  L .  McArt h u r , ed s .  
B e a r s - T h e i r  b i o l ogy  a n d  m a n a g ene n t . B e a r  B i o l . A s s oc . C o n f . 
S e r . P u b l . 3 ,  3 7 5  pp . 
P o e l ke r , R .  T . , a nd H .  D .  H a rtwe l l .  1 9 7 3 . B l a c k  bear  o f  
Wa s h i n g t o n . Wa s h . S tate  Game  Dep t .  B i o l . B u l l . 1 4 . 180  p p .  
Q u i g l ey ,  H .  B .  1 9 82 . Ac t i v i ty p a t t e rn s , m oveme n t  e co l o gy , a n d  
h ab i t a t  u t i l i z a t i o n  o f  b l a c k  a r s  i n  t h e  G r e a t  Smo ky 
Mo u n t a i n s N a t i o n a l  P a rk , T e n n e s s e e . U n p u b l . M . S .  T h e s i s ,  
U n i v .  o f  T e n n e s see , K n o x v i l l e .  1 4 0  p p . 
R a u s c h , R .  L .  1 96 1 . N ote s o n  t h e  b l a c k  be a r ,  U r s G s  ame r i c a n u s  
P a l l a s ,  i n  A l a s ka ,  w i th  p a rt i c u l a r  re f e re n c e  t o  d e n t i t i o n a nd 
g rowt h . Z e i t s c h r i f t  f u r  S a u g e t i e r ku n de 26 : 7 7 - 1 0 7 . 
Reyn o l d s , D .  G . , a n d  J .  J .  ham . 1 980 . Home  ran g e  a c t i v i t i e s 
a n d  re p rodu c t i o n o f  b l a c k  bea rs  i n  we s t -c e n t ra l I d a ho , p p .  
1 8 1 - 1 90 . I n ,  C .  J .  M a rt i n ka a n d  K .  L .  McArth u r ,  s .  B e a r s  
- t he i r b i o l o gy a n d  m a n a g em e n t . r B i o l . As s oc . C o n f .  S e r .  
P u b l . 3 ,  3 7 5  p p . 
1 1 0 
R i c h a rd so n , L .  W .  1 98 1 . T he  ac o u s t i c  b e hav i or o f  wh i t e - ta i l ed 
d ee r .  U n p u b l . M . S .  T h e s � s .  M i s s i s s i p p i  S t . U n i v . , S t a r kv i l l e .  
6 8  p p . 
Rodba rd , D . , a n d D .  M .  H u t t . 1 9 7 5 . S t a t i s t i ca l  a n a l y s i s  o f  
rad i o i mm u n oa s says  a n d  i mm u n o rad i omet r i c ( l a be l ed a n t i body)  
a s say s : a g e n e ra l i z ed , we i gh t ed , i t e r a t i v e , l e a s t- sq u a r e s 
m e t h od f o r  l o g i s t i c c u r v e  f i tt i n g .  I n  Rad i ommu n o a s s ay a n d  
r e l ated  p ro c e d u r e s  i n  m ed i c i n e ,  V o l . 1 .  I n te r n at i o n a l  Atom i c  
e rgy A g e n cy , V i en n a . 
, P .  J .  Ma n so n , a nd  A .  De lea n . 1 9  . I m p r ov ed c u rve- f i tt i n g , 
p a r a l l e l i sm t e s t i n g , c h a r a c t e r i z at i on o f  s e n s i t i v i ty a n d  
s p ec i f i c i ty ,  v a l i da t i o n , a n d  o p t i m i zat i o n f o r  rad i o l i ga n d  
a s say s , p p . 4 6 9 - 504 . I n  R ad i o � mm u n o a s s ay a n d  re l ated  
p roced u re s i n  m e d i c i ne ,  V o l . 1 .  I n t e r n at i o n a l  Atom i c  e rgy 
Age n cy , V i e n n a . 
R o g e r s , L .  L .  1 9 7 4 . Shedd i n g o f  f o o t p a d s  by b l ac k  be a r s  d u r i n g 
d e n n i n g .  J .  Mamma l . 5 5 : 6 9 2 - 6 7 4  . 
--
. 1 9 7 6 . E f f e c t s  o f  ma s t  a n d  be rry c ro p  fa i l u r e s  o n  s u rv i va l , 
g rowth , a n d  r e p roduct i v e s u c c e s s  o f  b l a c k  be a r s . T ra n s . N .  
Am . W i l d l . C o n f .  4 1 : 43 1 -438  . 
. 1 9 7 7 . S oc i a l re l a t i o n sh i p s , moveme n t s , a n d  p o pu l a t i o n  
dy n am i c s  o f  b l a c k  a r s  i n  n o rt h e a s t e r n  M i n n e s ota . Un p u b l . 
P h . D .  D i s s e rta t i o n , U n i v .  o f  M i n ne s o ta , M i n n e a p o l i s .  1 9 4  p p  . 
. 1 980 . I n h e r i t a n ce  o f  c o a t  c o l o r  a n d  cha n g e s  i n  p e l a g e  
c o l o rat i o n  i n  b l a c k  be a r s  i n  n o r t h e a s t e r n  M i n n e so t a . J .  
M amma l . 6 1 :  3 2 4 . 
Rowa n , W .  1 9 4 5 . N umber  o f  y o u n g  i n  t h e  c omm on  b l ac k  a n d  g r i z z l y  
b e a r s  i n  we s t e r n  n ad a . J .  Mamma l . 2 6 : 1 9 7 - 1 9 9  . 
. 1 947 . A c a s e  o f  s i x c u b s  i n  the  c ommo n  b l ac k  b e a r . J .  
--Mamma 1 .  28 : 404-40 5 . 
S a nd e r s o n , G .  C . , a n d  A .  V .  Na l b a n do v . 1 9 7 3 . T h e  r e p ro d u c t i v e 
cyc l e  o f  t h e  r a c c o o n  i n  I l l i n o i s .  I l l i n o i s N a t . H i s t .  S u r vey 
B u l l .  V o l . 3 1 , Art i c l e 2 .  
SAS . 1 982 . SAS U s e r • s Gu i de :  S t a t i s t i c s . SAS I n s t i t u t e , I n c . 
C a ry ,  N C . 5 84  p p .  
S a u e r , P .  R .  1 9 7 5 . R e l at i o n s h i p s  o f  g rowth c h a racte r i s t i c s t o  s e x  
a nd a ge  f o r  b l a c k  b e a r s  from  t he  Ad i r o nda c k  reg i o n o f  N ew 
Y o r k .  N ew Y o r k  F i sh  a n d  Game J o u rn a l . 22 : 8 1 - 1 1 3 .  
S c h n e i de r , K .  M .  1 9 3 3 . Z u r  J ug e nd e n d e n tw i c k l u n g  e i n e s  E i s b a re n , 
N . F . , 6 ,  1 5 6 ; 2 2 4 . 
1 1 1  
S h a n k s , R .  E .  1 9 5 4 a . C 1 i ma t e s o f  t h e  G r e a t  S m o ky M o u n t a i n s .  
E c o l o gy 3 5 : 3 5 4 - 3 6 1 . 
1 9 5 4 b . R e  r e n e e  l i s t o f  n a t i v e p l a n t s  o f  t h e  G r e a t  S m o ky 
n t a i n s .  B o t a ny D e p t . , U n i v .  T e n n e s s e e , Kn o x v i l l e .  1 4  p p .  
S m i t h ,  8 .  E .  1 9 4 6 . r t s .  J . M amma l . : 3 1 
S o ka l , R .  R . , a n d  F .  J .  R o h l f .  1 98 1 . B i o m e t ry , 2 n d  E d i t i o n .  W .  H .  
F r e em a n a n d  C o . ,  S a n  F r a n c i sc o . 7 7 6  p p . 
S p e n c e r , H .  E . , J r .  1 T h e  b l a c k  b e a r  a n d  i t s s t a t u s  i n  M a i n e .  
M a i n e D e p t .  I n l a n d  F i s h  a n d  G a m e  B u l l .  4 ,  p p . 
S t e p h e n s ,  L . A .  1 9 6 9 . A c o m p a r i s o n  o f  c l i ma t i c  e l e m e n t s  a t  f o u r  
e l e va t i o n s  i n  t h e  G r e a t  S m o ky M o u n t a i n s .  M . S .  T h e s i s ,  U n i v .  
T e n n e s s e e , Kn o x v i l l e .  1 1 9  p p . 
S t i c k l ey ,  A .  R .  1 9 6 1 . A b l a c k  b e a r  t a g g i n g s t udy i n  V i r g i n i a .  
P r o c . S .  E .  A s s o c . s h  a n d  G a m e  C omm . 1 5 : 43 - 5 4 . 
S t u p ka , A .  1 9 6 0 . G r e a t  S m o ky M o u n ta i n s  N a t i o n a l P a r k  n a t u ra l 
h i s to ry h a n d b o o k ,  N o . 5 .  U .  S .  G o v e r n m e n t  P r i n t i n g  O f f i c e ,  
Wa s h i n g t o n , D .  C .  7 5  p p . 
S w i t z e n b e r g , D .  F .  1 9 5 5 . B l a c k  b e a r  d e n n i n g i n  t r e e . J .  Mamma l . 
3 6 : 45 9 . 
c h a , T .  C . , W .  D .  Wa n ,  a n d  K .  P .  B u r n h a m . 1 . U s e a n d  
i n t e r p r e t a t i o n o f  s t a t i s t i c s  i n  w i l d l i j o u r n a l s .  W i l d l . 
S o c . B u l l .  1 0 : 
T ay l o r ,  D .  F .  1 97 1 .  i o- t e l e m e t ry s t udy o f  t h e  b l a c k  b e a r  
( E u a rc t o s ����� ) ,  w i t h  n o t e s  o n  i t s h i s t o ry a n d  p r e s e n t  
s t a t u s i n  u M . S .  T he s i s ,  Lo u i s i a n a  S t a t e  U n i v . , 
Ba t o n  R o u g e . 
T e m b r o c k ,  G .  1 9 6 3 . Ac o u s t i c b e h a v i o u r  o f  mamma l s , p p . 7 5 1 - 7 8 6 . I n  
R .  G .  B u s n e l , e d . A c o u s t i c  b e h av i o u r  o f  a n i ma l s .  E l s e v i e r 
P u b l i s h i n g  C o . , N ew Y o r k ,  N Y . 9 3 3  p p . 
T h o r n t hwa i te , C .  W .  1 9 48 .  An a p p r o a c h  toward a r a t i o n a l  
c l a s s i f i c a t i o n  o f  c l i ma t e . G e o g . R e v . : 5 5 -9 4 . 
T i etj e ,  W .  D . , a n d  R .  L .  R u f f .  1 98 0 . D e n n i n g b e h a v i o r o f  b l a c k  
a r s  i n  b o r e a l f o r e s t  o f  A l b e r t a . J .  W i l d l . M a n a g e . 
4 4 : 858-87 0 . 
To s i , 0 .  I .  1 9 7 5 . p r o b l e m o f  s p e a k e r  i de n t i f i c a t i o n  a nd 
e l i m i n a t i o n , p p . 3 9 9 - 4 3 1 . I n S .  S i n g h ,  . M e a s u r e m e n t  
p ro c e d u r e s i n  s e c h , h e a r i n g , a n d  l a n g ua g e . U n i v e r s i ty P a r k  
P r e s s , B a l t i mo re , 4 7 0  p p . 
1 1 2 
T roy e r , W .  A .  1 9 6 1 . T he  b rown be a r  ha rv e s t  i n  re l a t i o n  t o  
ma n a g em e n t  o n  t h e  Kod i a k  I s l a n d s . T r a n s .  N .  Am . W i l d l . N a t . 
Re s .  C o n f .  2 6 : 460-46 7 . 
T u r n e r ,  C .  D .  1 9 48 . n e r a l  e n d o c r i n o l o gy . W .  8 .  S a u n d e r s  C o . , 
P h i 1 ade l p h i a . 6 04  p p . 
U n i State s Fo r e s t  S e rv i c e .  1 9 7 6 . C h e ro ke e  Na t i o n a l  Fo re st 
t i mbe r m a n a g e me n t  p l a n .  F i n a l  e n v i r o n me n t a l  s ta teme n t . U SDA 
FS - R3 ADM- 7 6 - 1 6 . FS , C N F , C l ev e l a n d , TN . 1 1 9  p p .  
V i l l a r r u b i a ,  C .  R .  1 932 . Movem e n t  eco l ogy  a n d  hab i tat  u t i l i z a t i o n  
o f  b l a c k  b e a r s  i n  C h e r o kee  N at i o n a l  re s t , Te n n e s s e e . 
U n p ub l . M . S .  The s i s ,  U n i v .  o f  Te n n e s s e e , K n ox v i l l e .  1 5 9  p p . 
Wh i t t a ke r ,  R .  H .  1 9 5 6 . V egeta t i o n  o f  t h e  Great  Smo ky Mo u n ta i n s .  
Ec o l . Mo n o g r . 2 6 : 1 - 30 . 
W i l l ey ,  C .  H .  1 97 4 . Ag i n g b l a c k  b e a r s  f rom  f i r s t  p re mo l a r tooth  
s ect i o n s .  J .  W i l d l . Man a g e . 38 : 9 7 - 1 0 0 . 
W i m s a t t , W .  A .  1 9 6 3 . D e l ayed i mp l a n t a t i o n i n  t h e  U r s i da e , w i t h  
p a r t i c u l a r  re f e r e n c e  t o  t he b l ac k  b e a r , p p . 4 9 - 7 6 . I n  A .  C .  
E n der s ,  . De l ayed i m p l a n ta t i o n . U n i v .  o f  C h i c a g o  P re s s , 
C h i c a g o . 6 5 3  p p . 
Yo u n g , B .  F . , a n d  R .  L .  R u f f .  1 93 2 . P o p u l a t i o n  dyn am i c s  a n d 
mo veme n t s  o f  b l a c k  bea r s  i n  e a st c e n t r a l  A l berta . J .  W i l d l . 
M a n a g e . 46 : 845-86 0 . 
1 1 3 
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Ta b l e  2 7 . H a rd ma s t  d a t a co l l ec t e d  o n  t ile  Te l l i co W i l d l i f e Ma n a g e m e n t  A re a , C N F ,  a n d i n  t t1 e  G St�N P ,  1 9 7 3 - 1 98 2 . 
A re a  
T e  I I i co 
G S M N P 
P a r s o n s B ra nc h  Rd . / B u n ke r H i  I I  
C a d e s  C o v e / B o t e  M t n . 
S u g a r l a n d s 2 
S p e c i e s 1 1 9 7 3  
wt1 i t e  4 .  8 
R e d  1 . 8 
A I I 3 .  3 
Wt1 i te  
H e d  
A l l 
Wh i t e 
R e d  
A l l 
Wh i t e 
R e d  
A l l 
Wh i t e 
R e d  
A l l 
1 9 7 11 
5 . 3 8 
11 . 8 il 
5 . 09 
l wt1 i te = wh i t e o a k s ;  Red = red o a k s ;  A l l = wh i t e a n d red o a k s . 
1 9 7 5  
2 . 9 2 
II . 78 
3 .  9 11 
Ave rn g e  n u me r i c a l  r·a t i n g 
1 9 7 6  
1 . 1 6  
6 . 2 3 
I I . 1 5  
1 9 7 7  
5 . 2 2 
5 . 8 2 
5 . 5 8 
2 . 6 0 
II . 08 
3 . 2 1 
2 . 0 1 
3 .  7 7  
2 . 7 9 
2 . 8 1 
4 . 2 2 
3 . 3 7 
1 9 1 8  
1 . 7 8  
2 .  7 4  
2 . 3 4 
1 . 3 3 
0 . 52 
1 .  0 5  
1 . 3 3 
0 . 5 2 
1 .  0 5  
1 9 7 9  
II . 5 0  
4 . 7 5 
11 . 65 
5 . 0 7 
2 .  �) 2 
3 . 9 1 
II . 3 7  
1 .  2 5  
2 .  G 1 
4 . 9 8 
? . 5 8 
4 . 0 5 
5 . 8 8 
5 . 2 0 
5 . 6 2 
2 s u r·vey c o n d u c t e d  on Cove M t n . a nd Bu l l t 1 e a d T r·a i I 1 9 7 9 - 8 0  a r 1d  o n  Me i g s  M t n . , S u g a r l a nd s  M t n . , a n d  
Cove M t n . i n  1 9 8 1 . 
1 9 il 0 
0 . 0 0 
I I . 7 8  
2 . 8 0 
0 . 0 0 
lj , 6 3  
2 .  1 9  
0 . 0 0 
6 . 0 0 
3 .  1 1 1 
0 . 0 0 
l j . 0 0  
1 .  8 0  
0 . 0 0 
3 . 2 9 
1 . 4 11 
1 9 8 1  
lj , 8 5  
3 . 7 5 
4 . 2 1  
II . 9 7  
3 . 5 8 
lj , 3 11 
II . 7 ? 
5 . 11 5 
5 . 0 9 
5 .  1 3  
2 .  1 1  
3 . 8 6 
5 . 0 8 
2 . 2 2 
3 . 8 6 
A P P E N D I X  l3 
Ta b l e  28 . Su mma ry o f  t ra p p i ng d a t a  c o l l e c t e d  f rom f e ma l e  b l a c k  b e a r s  i n  t h e  G S M N P a n d C N F ,  1 9 8 0 - 8 2 . 
We i g il t  
s m e a r 2 
Se nHn e s t ra d i o i - 1 7 B ( !29L!!l.J.J 
B e a r n o . Age Da t e  c a p t u re d  ( kg )  E s t ru s 1 La c t a t i n g l  Va g i n a l  a b c X s o  
4 2 1  5 1 6  J U N 8 0  4 5  N y fev ce I I s  5 9 . 2  5 0 . 9  6 1 . 6  5 7 . 2  5 . 6  
1! 0 8  9 2 1  J U N  80 5 2 N y fev c e  I I s  2 2 . 9  l it .  2 1 8 . 5  1 8 . 5  Lt . 3 
1 129 5 2 1  J U N  8 0  5 0  N y n u c  I . ,  fev 1 17 . 3  2 8 . 6  3 5 . 5  3 7 . 1 9 . 11 
1 1 3 2  8 22 J U N 8 0  5 2 y N fev ce I I s  1 8 3 . 0  1 1! 6 .  II 1 3 5 . 6  1 5 5 . 0  2 11 . 8  
3 2 6  2 26 J U N  8 0  4 1  N N 
11 3 11 3 1 J U L  8 0  3 6  y N c o r n . c e  I I s  
,_. lj i ! O  ,_. 5 1 0  J U L  80 11
9 y N co r n . ce I I s  1 1 6 . 7  1 1 1 . 3 B 5 . 0  1 0 11 .  3 1 6 . 9 
m 
II 'J 6 3 1 2  J U L  80 11 3 y N c o  r'n . , fev 6 3 . 1 1 1 7 . 6  6o . -r 5 7 .  1 8 . 3  
3 0 6  5 1 4  J U L  8 0  5 2 N y 
5 1 4  1 4  1 14 J U L  8 0  5 4  N N c o r n . / n u c l .  5 6 . 0  7 4 . 9  7 0 . 7  6 1 . 0  9 .  7 
11 5 6  3 1 8  J U L 8 0  4 3  N N c o rn . / n u c l . / fev <4 . 5 <4 . 'J  1 3 .  3 7 . II 5 .  1 
3 11 6  1 2 3  J U L  8 0  3 6  N N 
F l 3 1 4  24 J U L 8 0  4 3  N y 2 1 . 2  3 6 . 7  2 9 . 0  28 . 9 7 .  -r 
lj 11 2  8 26 J U L  8 0  60 N N co r'n . c e  I I s  2 2 . 2  1 4 . 2  3 1 . 3 2 2 . 6  8 . 6  
3 11 9  lj 8 AUG 80 N y 
3 3 3  1 1 0  AUG 8 0  y N 
5 1 9  6 1 0  AUG 8 0  4 5  N y n u c  I .  c e  I I s  7 3 . 9 6 8 . 3  7 1  . 1 3 . 9  
3 1 0  3 1 3  AUG 8 0  N N 
3 5 11 c u b  1 8  A U G  8 0  N N 




T a b l e  28 ( c o n t i n u e d ) 
We i g tn 
Bea r n o . Ag e Da t e  c a p t u re d  ( hg )  
5 1 4  
3 5 6 
5 2 0  
5 2 2  
5 2 3  
F6 
/j 2lj 
11 3 6  
A 3  
5 2 7  
1! 6 3 
1! 8 7  
4 7 1  
5 �! 9  
4 6 3  
lj 211 
IJ 29 
1 2 1  
11 5 6  
I1Hil 
1 11 
1 1  
















1 8  A U G  8 0  
1 9  A U G  8 0  
20 A U G  80 
2 1  AUG 80 
2 2  AUG BO 
2 3  A U G  80 
3 0  AUG 80 
S E P 80 
2 S E P  8 0  
2 S E P  8 0  
3 S I:.P  8 0  
11 S E P  8 0  
5 S � P  8 0  
5 S E P  8 0  
0 S L P  110 
24 t•IAY 8 
5 J U N  8 1  
J U L  8 1  
9 J U L  8 1  
1 8  J U L  8 1  
5 0  
6 1  
50 
2 0 
5 5  
611 
50 
5 1  
5 8  
64 
52 
4 3  
3 2  
4 3  
4 8  
3 4  








































i n a l  s m e a  
c o nJ . / n u c l .  
c o rn . , few 
nuc 1 .  ce 1 I s  
n u c  1 . , few 
c o rn . / n u c l .  
c o nl . / n uc l .  
c o rn . / n u c l .  
c o r n .  c e  I 1 s 
c o rn . ,  few 
c o rn . , few 
c o rn . e e l I s  
few c e  1 1 s 
c o rn . I n u c  1 . 
n u c  I .  c e  I I s  
c o r'n . c e  1 1 s 
6 4 . 4  
1 2 . 7  
11 3 . 0  
9 . ?  
65 . 2 
3 8 . 6  
5 9 . 9  
2 9 . 5  
5 3 .  1 
2 5 . 7  
8 8 . 7  
2 11 . 7 
6 0 . 9  
2 �) . 7 
6 3 . 9  
211 . 1  
6 .  7 
1 3 . 0  
2 3 . 1 
IL 8 
8 9 . 5  9 4 . 4  8 6 . 3  9 0 . 2  3 . 9  
1 09 . 8  1 4 3 . 4  1 20 . 6  1 24 . 6  1 7 . 1 
5 7 . 
7 3 . 5  
2 5 . 3  
2 11 . 4 
7 7 . 1  
11 2 . 3 
3 2 . 7  
1 2 . 3 
<II . 5 
7 6 .  l 
6 3 . 7  
6 1 . 8  
7 1 . 5  
1 7 .  2 
7 8 . 1 
4 1 . 7  
3 2 . 5  
1 9 . 7  
1 7 .  1 
5 9 . 7  
1 1 9 . 3  9 5 . 0  
1 0 3 . 1 8 7 . 1  
1! 6 . 2  
5 9 . 7  
6 1 . 1 
3 1 . 5  
3 6 . 9  
3 2 . 6  
6 . 0  
<Ll . 5 
11 3 . 3 
5 5 . 7  
6 5 . 0  
5 2 . 6  
2 1 1 . 11 
6 1 1 . 1 
1 15 . 0  
3 :-' . 6 
1 6 . 0  
8 . (  
5 9 . 7  
1 0 3 . 9  1 0 6 . 1 
8 . 9  
1 2 . 9  
7 .  1 
;>. 3 .  5 
3 . 8  
0 .  1 
3 . 0  
7 . 3  
1 6 . 4  
2 . 5  




Ta b l e  28 ( co n t i n u e d ) 
U e a  r n o . 
5 5 0  , ,  
6 5 3  3 
5 5 0  '+ 
5 5 0  ,, 
All6 7 
4 7 2 6 
5 ? 9  lj 
6 5 a  4 
6 5 9  2 
5 0 6  1 
3 0 �) 9 
5 0 -/ 1 
3 0 6  6 
IJ 5 9  5 
4 2 1  6 
6 0 5 '+ 
F 1 3 1 5 
F 2 1  7 




20 J U L 8 1  
22 J U l  8 1  
25 J U L 8 1  
3 A U G  8 1  
3 AUG 8 1  
3 AUG 8 1  
3 A U G  8 1  
5 AUG 8 1  
5 A U G  8 1  
1 0  A U G  8 1  
1 2  AUG 8 1  
1 11 A U G  8 1  
1 5  A U G  8 1  
1 7  A U G  8 1  
1 8  AUG 8 1  
1 8  AUG 8 1  
2 7  A U G  8 1  
29 A U G  8 1  
29 A U G  8 1  
3 1  A U G  8 1  
t 
E s t ru s 1 •_a c t a t i  1 
4 1  N N 
3 2  N N 
4 5  N N 
11 3 N N 
'J2 N N 
IJ 3 N N 
'' 3 N N 
5 0  y N 
29 N N 
3 2  N N 
5 5  N N 
3 11 N N 
59 N N 
5 9  N N 
5 0  N N 
4 8  N N 
5 7  N N 
50 N N 
4 8  N N 
3 2  N N 
Se n1m e s t ra d i o i - 1 7 B ( 1:!9/J!!..LL __ 
Va g i na l  s m e a r 2 a 6 c J< S D  
c o rn .  c e  I I s  8 7 . 9  n .  1 9 9 . 7  8 6 . 8  1 3 .  5 
n u c  l .  c e  I I s  1 1 0 .  1 8 0 . 9  7 8 . 5  8 9 . 8  1 7 . 6  
c o rn .  c e  I I s  
n u c  I . c e  I I s  
c o rn .  / n u c  I .  2 2 .  l 1 5 . 9  1 9 . 3  ![ . 8 
c o rn .  j n uc I . 1� 2 . lj 3 3 . 5  ? 4 . 0  3 3 . 3  9 . 2  
c o rn .  / n u c  I .  5 9 . 9  118 . 9  5 11 . lj 7 . 8  
c o rn .  c e  I I s  3 1 . 2  5 3 . 3  3 2 . 6  3 9 . 0  1 2 . 3 
n u c  I . ,  few <II . 'J 8 . 6  9 . 2  7 . 5  2 . 6  
c o r' n . ,  few 
few c e  I I s 
c o r n . ,  few 
u o rn . / n u c l .  1 11 .  4 1 3 . 5  1 11 . 3 1 lj • 1 0 . 5  
c o rn . / n u c  I .  3 3 . 2  6 7 . 7  5 0 . 5  5 0 . 5  1 7 . 3 
n u c  I . , few 3 0 . 3  3 4 . 9 3 2 . 6  3 0 . 3  2 . 3 
n u c  I .  c e  I I s  
c o m . / n uc l .  
n u c  I .  c e  I I s  
n u c  1 .  c e I l  s 
,_. ,_. \.0 
! a b l e  28 ( c o n t i n u e d ) 
llea r r w . 
2 1  
6 0 6  
We i g h t  
Age Da te c a p t u re d  ( kg )  
1 6 1 S E P  8 1  66 
2 1 2  S E P  8 1  3 2  
1 Y= Y E S ;  N = N O . 
E s t r u s 1 
N 
N 
2 Va <J i fl il l s m e a r' s c a t e g o r i z e d  a s  fo l l o\-l s :  c o r·n . 
n u c l e a t e d  c e l l s  i n  s a me smea r .  
V a g i n a l  s me a r 2 La c t a t i n g 1 
Se r u m  e s t ra d i o i - 1 7 B ( pg/m l )  
a b c x S O  
N n u c l .  c e l l s  
N n u c  I . c e  I I s  
c o rn i f i e d ; n u c  I . n u c l e a t e d ;  c o rn . / n uc l .  c o rn i f i e d  a nd 
A P P E N D I X  C 
T a b l e  2 9 . W i n t e r  d e n n i n g d a t a  c o l l e c t e d  o n  r a d i o - I n s t ru me n t e d  f e m a l e  b l a c k  b e a r s  I n  t h e  G SMN P a n d C N F ,  1 9 0 0 - 8 2 . 
M i n i m u m  
D e n n i n g 
Ile a  r 1 lla te o f  D a t e  o f  l e n �  t i l  D e n  D a t e  H c p  r o d u c  t i v c  N o . A � e  A re a  E n t ry fmc r'g c n c e  ( d a y s ) Type V i s i t e d  C o n d i t i o n 
11 1 12 9 P B H  9 - 1 11 D e c  ' 8 0 2 7  A p r - 8  M a y  ' 8 1  1 3 5 tL H c d  Oa I< 1 7 F e b 8 1 / 5 Ma r·8 1 w i  t i l  3 +  c u b s  
11 2 1  6 l'llR 2 1 - 3 1 Dec ' 8 0 2 7 - 3 0  Ma r ' 8 1  8 7  l u i  I p l'o p I a r 2 YJ a n u a  r·y ' 8 1  w l  t i t  2 +  ye a r l i n g s  
11 2 1 7 P B H  1 5 - 2 1 Dec 1 80 2 11 - 2 7  Ap r· ' 8 1  1 2 5 Roo t S y s t e m  lt Ma r'82 w i  t il 2 +  y e a r· !  i n g s  
11 32 9 P B H  2 0 - 2 7  Dec ' 80 11 - 6  �la y  ' 8 1  1 2 9 B l a c k  C h e r-ry 2 2 F e b 8 1 / 1 2 M a r·8 1 w i t h 2 +  c u b s  
1 1 2 Y  6 P U H  2 0 - 2 2  o r  2 7  Dec ' 8 0  2 - 11 A p r  ' 8 1  9 7  C he s t n u t  Oa k 30 J a n u a ry I 8 1  w i t h 1 t y e a r l  i n � s  
11 2 9  7 P fl f( 1 1 - 8  Dec 1 8 1  1 5 - Hl Ap r· 1 8 2  1 2 9 C l 1 e s t n u t  Oa k 1 8 F c b 8 2 w I t i l  2 c u b s  
II IlO 6 P fl H  2 7 - 2 Y  Dec ' 8 0 29/\p r - 2 �1 a y  I 8 1  1 2 2 ru 1 i p P o p  I a r· 1 9 f c b ll l / 1 2�1a r8 1 w l  t il 2+ c u tJ s  
I-' I l U ll  1 0  r u n  2 7 - 2 Y  D e c  ' 8 0 1 5 - 2 1  A p r  I 8 1  1 08 ru 1 1 p f'o p  I a r 20J a n 8 1  w i t i l  1 +  y e a r· t i n g s  N II O il  1 1  f•[lf( 1 5 - 2 1  Dec ' 8 1  1 5 - 1 8  Ap r 1 8 2  1 1 6 C l 1 e s t n u t Oa k l ll F c b ll 2  w i  t il 2 c u ll s  
0 
1 1 2 1 1  1 0  P B H  tl / 1  known - - - - - - - - G ro u n d  N e s t  4Ma r·IJ2 w i  til yc a r l l n <J S 
F 2 1  7 S l! e  1 8 - 2 1  Dec ' 8 0 8 - 1 5  Ap r ' Il l  l O Y Hoc k C r·ev i c e 6 F e b 8 1 w i t i l  1 yea r I I ng 
F 2 1 (l sue 2 1 - 2 8  Nov ' 8 1  b e f o re 2 5 Ma r·82 1 1 8 H o c k  C r·cv i c e 8Ma rll2 w i  tit  3 c u b s 
F 1 3 1 5  s u e  - - - - (l - 1 1  A p r ' 8 1  1 02 Roc k C re v i c e 6 F e b ll l  w i  t l 1  3 yna r· t i n q s 
r 1 3  1 6  s u e  1 1 - 1 6  D e c  ' 8 1 1 2 - 1 5  Ap r 1 82 1 1 8  H o c k  C rev i c e 2 1l F e b 8 2  w i  t i l  2 c u b s  
' 1 5 6  II S U G  7 - 1 0  Dec ' 80 1 - II lip r· ' Il l  1 1 3 C h e s t n u t  Oa k 2 1 F c b 8 1  w i  t t 1 0 u t  o f f s p r i n g 
11 5 6  5 S U G  2 1J N o v - II D e c  1 8 1  29Ma r- l A p r 1 8 2  1 1 6 N .  R e d  Oa k 1 5 F e b ll 2  w l  t l 1  2 c u b s  
5 1 11 l il s u e  1 2 - 1 6  D e c  1 8 1  1 5 - 2 0  A p r  1 8 1  Y O S c a r l e t  Oa k 2 1 F c b 8 1 w i t ho u t  o f f s p r i n g s  
5 1 11 1 5  SUG u n known 1 - 5  Ap r· 1 8 2  - - - Hoc k C re v i c e 2 M a  r·8 2 w i  t i t  IJ c u b s  
5 2 0  1 2  SUG 2 8 N ov - 1 Dec 1 80 1 1 - 1 5  Ap r 1 8 1  1 3 2 N .  H cd Oa k 2 3 F e b 8 1  w I t 11 2 +  c u b s  
5 2 0  1 3  SUG 1 9 - 2 4  Dec 1 8 1  - - - - - - - - G ro u n d  N e s t  1 2J a n - 1 0 F c b  ' 8 2 w i  t i t o u t  o f f s p r i n g 
f 6  6 S U G  2 7 - 2 8  Dec 1 8 0  2 8 M a r- 1 A p r  ' 8 1  9 1  C tw s t n u t  Oa k 2 3 F c b 8 1 w i t h 1 y e a  r· t i ng 
F 6 7 S U G  u n known 2 5 - 2 9 Ma r ' 8 2 - - - G ro u n d - o ve rb l own f o g l Ma r 8 2  w i t h 3 c u b s  
5 1 9  7 SUG 2 1 - 2 7  Dec 1 80 - - - - - - - G ro u n d  D e n  1 3 F e b 8 1  w l  t h  3 y e a r I i n g s  
5 1 9  8 SUG u n known 2 5 - 2 9  Ma r ' 82 8 1  G ro u n d  g ra p e t h i c k e t  8Ma r82 wi  t i l  11 c u b s  
T a b l e  2 9 .  ( c o n t i n u e d ) 
(l e a r Da t e  o f  Da t e  o f  
No . A g e  A r·ea 1 E n t ry Eme r g e n c e  
5 2 2  1 2  S U G  2 1 - 2 7  D e c  0 8 0 1 5 - 2 0 A p r  1 8 1  
5 2 2  1 3  S U G  2 8 N o v - ll ll e c  0 8 1 he fo re 2 5 M a  r82 
;� 1 1 T S U G  u n l-<.: n own tm known 
5 3 8  2 s u e  11 - 8  Dec 1 8 1 b e f o re 1 O Ma r·B 2  
6 6 5  5 S U G  t u r  known 1 8 A p r  0 8 2 
l 1 8  T 1 2  BO T E  - - - - - 2 9 M a  r· - 3 Ap r ' Il l  
l r 8 7  1 3 BO f E  - - - - - 1 - 5 Ap r 1 8 2 
ll f 1 5 fl() f [  - - - - - 2 9 M  a r·- 3 A p  r ' 8 1  
IJ T 1 5 BO l E  b e  fo r·e2 1 N ov8 1 - - - - -
1 1 6 3  1 11 BOTE 2 0 - 2 7 Lle c  ' B u 1 0 - 1 3  Ap r I 8 J 
1-' 11 6 3  1 5  BO l E  u n hnown by 1 3 A p  r 1 8 2 
N 
1-' 5 1 0  2 BO T E  2 0 - 28Dec ' 8 0 1 8 - 2 2  Ap r I 8 J  
1 1 8 6  5 BO T E  a f t e r  2 7 Dec ' B O 2 9 M  a r·- 3 A p  r ' Il l  
1 1 8 6  6 BO f E  2 9 N o v - 5De<: I 8 1  1 5 - 1 9  Ap r· ' 8 2 
I l l  1 6  llO I E  2 - 5  J a n  ' 8 1  6 - 1 3  Ap r ' 8 1  
I l l  1 7  (]01[ 1 8 - 2 3  Dec I Il l  2 9 A p r - 3 11 a y  1 8 2 
1 1 8 1 1  3 no r E  8 - 1 1  Dec ' B O n o t  l<nown 
Ii ll i  I II BO T E  2 3 - 2 9  De c ' B T  1 1 - 2 0  A p r  1 8 2 
1 1 ( 6 B IJO T E  2 2 - 29 N o v  ' 8 0 a b a nd o n e d  
11 7 6  9 BO T E  1 8 - 2 3  Dec 1 8 1  b e fo re 2 7 Ma r82 
I J59 5 [l() j [  A F T f H  3 1  D EC ' 80 - - - - -
1 1 5 9  6 BO l E  - - - - - 2 6 - 29Ap r 1 8 2 
5 3 1 2 BO T E  u n k n own 6 - 9Ap r 1 8 2 
3 0 6  6 C N F  2' 1 - 3 0  Dec 0 8 0 1 5 - 22 Ap r 
3 0 6  7 C N F  - - - - - - - - - -
M i n i m u m  
D e n n i ng 
L e n g t h  
( d a y s )  
1 1 0 










1 1 7 
- - -
1 3 2 
9 2  
1 2 8 
- - -
1 1 0 
- - -




1 0 7  
- - -
O e n  
T y p e  
G ro u nd - o l d  s t ump 
1 ree S t ump 
Hoch C r ·ev i c e 
H o c h  C re v i ce 
Ye I I ow P o p  I a r 
C l re s t n u t  Oa h 
Da t e  
V i s i t e d  
7 11il r·ll l 
l liJ a n82 
1 2Ma r82 
28 F e b 8 2  
2 6  F e b 8 2  
2 9J a n 8 1  
Ba s e  o f  C lr e s t. n u t. Oa k 2Ma r·82 
B I a c h  t u p e l o  2 7 F e b 8 1 
C l r e  s t n u  t Oa k 2 2 f e b 8 2  
E a s t e rn H e m l o c k  3 �1a r·8 1 
T re e  S t ump 1 6 �1a r·82 
B I a c k  r u p e l o  3 Ma r·B 1 
C l r e s t n u t  Oa k 1 7  F e b B  1 
C h e s t n u t  Oa k 1 6 f e tJ 8 2  
H o c k  C re v i c e 11 F e b B  1 
I t e m  I o c k - g  r·o u n d / - t r·ee 1 7 Ma r·B2 
1 r·e e D e n  l1 J a n 8 1 / 2 0 F e ll 8 1 
B l a c k  T u p e l o  1 7  F e b 8 2  
G ro u n d  D e n  2 11 .J a n 8 1 
Ove rb l own l o g s  ] l i M a  r·B2 
C H E S T N U T  OAK 2 7 J AN B 1  
Ye l l ow B l  rc lr 2 0 f e b 8 2  
G ro u n d  D e n  1 I 1 M a  r·B2 
Clre s t n u t  Oa k 2lJ f e b 8 1 
Roo t S v s t e rn  1 9 Ma r82 
He p r·od u c t  i v e 
C o n d i t i o n 
'W i L t r  3 c u ll s  
w i  t. l r  2 c u b s  
'W i t t r  3 c u ll s  
'W i L t r o u t  o f f s p r· i n g 
'W I  t h 3 c u b s 
'W i t lr 3 y e a r l i n g s  
'W i t l r  3 C l l l.J 0  
w i t l r  o u t. y e a  r ·  I I n g s 
w i  L tr 2 �  c u b s  
'W i  t l r o u t  y e a r· l i n g s  
w l  t lr 2 c u b s  
'W i L t r o u  t o f f s p r· i n g 
w i t l r o u t  o f f s p r i n g 
'W i t i l  1 + C U ll S  
'W I  t. l r  3 y <Hl f' l i rr g s  
'W i t i l  1 +  c u ll s  
w i  t l w u t. o f f s p r· i ng 
w i  t l r 2 +  c u b s  
'W i t , ,  3 y e a  r· l i n g s  
w l  t l r  2 c u b s  
W I I I IOU 1 0 1  I S f' l \  I N <; 
'W i t ,, 1 c u b  
'W i t l r u u  t u f f s p r l  n g  
'W i t l r  1 +  y e il r l l n g s  




I n  b I e 2 9 . ( co n t i n u e d )  
Lie a r 1 Da te o f  
No . Age A r-cn Ent r·y 
3 1 0 If C N F  1 2 - 1 8  Dec ' 8 0 
3 1 0 5 C N F  
3 2 6  3 C N F  2 7 - 2 9 Dec ' 8 0 
3 2 6  If C N f  - - - - -
3 'r 6  2 C N F 2 9 D e c - L J a n 
3 1 1 9  5 C N f  2 2 De c - 5 J a n  
3 5 6  - - C N F  1 5 - 2 1  Dec 
3 0 5  1 0  C N f  
'J 0 7  2 C N F  
D a te o f  
E rne rg e n c e  
2 2 - 2 7  Ap r 
B e fo re 1 5 Ap r· 
b y  1 8 Mn r 8 2  
Be fo re 1 5 A p  r 
Be fo r·e 1 5 Ap r 
1 5 - 2 2  Ap r i  I 
M i n i m u m  
O e n n i nl) 
L e ng t h  D e n  Da t e  
-------'
(_d_a y s ) 1 y p e  V i  s i t e d  
1 2 6 N .  R e d  Oa k 
N .  H e d  On k 
2 1r f e b B 1 
2 3 f e b B 2  
H c p  r·od uc t i ve 
C o n d i t i o n  
w i t i l  3 +  c u b s  
w i  t i l  1 y e a r· I i n g 
N .  R e d  Oa k 
Ho o t  Sy s t e m  
2 5 f e b B 1 w i t h o u t  o r r s p r· i n <J 
1 1 6 
C h e s t n u t  Oa k 
l u i i p  P o p l a r  
C he s t n u t  Oa k 
H o o t S y s t e m  
2 1t F e b - 1 8 Ma r· ' 8 2 w i t h 1 c u b  
2 5 f e b (l 1 w l  t i J O u t  o f f s p r· i n g 
1 5 F e b 8 1  
1 1 f e b l3 1 
1 8 Ma r 8 2  
2 lr f e b 8 2  
w i  t il 1 +  y e i.l r· l i n l) S  
w i  t il 3 c u b s  
w i t h o u t o f f s p r i n g 
1 S e c t i o n o f  s t ud y  a re a  d e s i g n a t e d  a s  fo l l ow s : 1 )  P B H  Pa r s o n s  B r a n c h  Ho a d ;  2 )  SUG S u g a r l a n d s  M t n / E i kmo n t ;  3 )  B O T E  
M t n / D e f e a t H i d g e ;  a n d  4 )  C N F  = Te l l i c o 
B o t e  
A P P E N D I X  D 
·r a b l e  3 0 . R e p rod uc t i ve h i s t o r i e s  o f  2 2  f e m a l e  b l a c k  b e a r s  i n  t he GSMN P a n d CN F ,  1 9 7 3 - 8 2 . 
l3 c a  r' n o . A re a  D a t e  Ag e We i r e d u c t i ve Co n d i t i o n 
H 1  D e f e a t H .  1 /  ,J U N  7 5 1 0  5 7  1 ye a r l i n g o b s e rved . 
4 S E P  7 7  1 2  59 
F E B  7 8  1 3 C u b  voca I i za t i o n s  l 1 e a  rd f ro m  o u t s i d e d e n . 
79 1 4  W i t h  ye a r l i n g s .  
11 MAH 80 1 5  3 +  c u b s  reco r d e d . 
It � L B 8 1  1 6  1� 9 1n t h  3 fema l e  yea r !  i ng s .  
1 7  MAH il2 17 1 - 2 c u b s  reco nJ cd . 
,_. 
N 
w 1!6 3  4 J U L  7 3  7 Vu l va s l  i g t 1 t l y  swo l l e n .  Bo t e  M t n . 
1 0  J U L  711  8 3 9  La c t a t i n g ;  1 c u b  o b s e rv e d . 
211 ,J U L  7 5  9 5 11 
It S E P  7 6  1 0  11 3 
9 J U L  18 1 1  5 9  I n  e s t  r·u s ;  m a l e  o b s e r v e d . 
1 1  S f !' 7 9  1 2  La c t a t i ng .  
6 MAH 8 0  1 3 W i t h 2 yea r !  i n g s  i n  d e n . 
3 S � P 8 0  1 3 6 4  
3 M A R  8 1  1 11 W i t h o u t  o f f s p r i n g i n  w i n t e r  d e n ;  a l.J a n d o n e d  d <m .  
6 MAH 8 2  1 5 W i t h 2 fema l e  c u b s  i n  w i nte r· d e n .  
4 8 /  Bote M t n . 1 9  J U L  7 ':;  1 0  59 
6 ,J UN 79 1 I I  5 0  
T a b l e  3 0  ( c o n t i n u e d ) 
[l e a r no . A rea D a t e  A g e  We i g h t  ( kg )  He p r·o d u c t i v e c o nd i t i o n 
1 8  MAH 8 0  1 5  3 +  c u b s  re c o r d e d  i n  d e n .  
4 S E P  8 0  1 5  5 2  La c t a t i n g .  
2 8  J A N  8 1  1 6  3 ye a r l i n g s  o b s e rved i n  d e n . 
2 MAR 8 2  1 7  8 4  W i t �1 3 c u b s  ( 2  ma l e , 1 fern a I e )  i n  d e n . 
l i f t} � o t e  M t n .  ll S E P  7 8  5 5 7  
1 7  MAH 7 9  6 5 1l W i t h 2 ma l e  c u b s  i n  d e n . 
8 MAf( 8 0  7 8 6  W i t tl 3 c u b s  ( 1 ma l e , 2 f e m a l e )  i n  d e n . 




1 1l MAR 8 2  9 8 6  W i  t il 2 c u b s  ( 1 rna I e ,  1 f e m a l e )  i n  d e n . 
1 1 8 6  B o t e  M t n .  5 J U N 7 9  3 3 1 1 Vu l va s l i g h t l y  swo l l e n .  
1 7  F E B  8 1  5 W i t h o u t  o f f s p r i n g i n  d e n . 
1 6  F E B  8 2  6 1 +  c u b s  reco rd e d ;  1 s t I i t t e  r .  
11 8 4  B o t e  M t n . MAl\ 8 0  2 W i t h o u t  o f f s p r i n g i n  d e n . 
2 0  F E B 8 1  3 W i t ho u t  o f f s p r i ng i n  d e n . 
1 8  J U L  8 1  3 3 4  
1 7  F E B  8 2  4 2 +  c u b s  reco rd e d  i n  d e n ;  1 s t I i t t e  r .  
1n 1 Bo t e  M t n . 3 S E P  7 8  2 2 3  
2 3  AUG 7 9  3 3 6  
Ta b l e  3 0  ( c o n t i n ued ) 
B e a r n o . A re a  D a t e  A g e  We i g h t  ( kg )  R e p rod uc t i ve c o n d i t i o n 
1 2  S E P  �/ 9 3 3 11 
7 MAR 8 0  4 W i t h o u t o f f s p r i n g i n  d e n . 
5 S E P  8 U  1 1  1J 3 
2 2  F f B  8 2  6 2 +  c u b s  re c o rd e d  i n  d e n ;  1 s t I i t  t e  r .  
2 7  F E B 8 1  5 W i t ho u t  o f f s p r i n g i n  d e n . 
11 5 9  D e fe a t  R .  2 8  J U N / 8  2 2 7  
t�AH 7 9  3 W i L t w u t  o f f s p r i n g i n  d e n .  
2 5  MAH 8 U  4 W i t h o u t  o f f s p r i n g i n  d e n . 
,___. 
N 2 7  F E B 8 1  5 W i t h o u t  o f f s p r i n g i n  d e n .  U1 
1 7  A U G  8 1  5 5 9  
2 0  F E B  8 2  6 1 + c u b  re c o r d e d  i n  d e n ;  1 s t I i t  t e  r' . 
F 2 1  S u g a r l a n d s  M t n .  3 1  J U L  77 3 2 8  
1 8  J U L  7 9  5 3 9  I n  e s t ru s .  
1 0  MAR 8 0  6 W i t h 3 m a l e  c u b s .  
6 F E B 8 1  7 3 9  w i t h 1 rna I e yea r I i ng i n  d e n .  
J U L  8 1  7 1 1 3 
29 A U G  8 1  7 5 0  
8 M A R  8 2  8 6 8  W i t h 3 c u b s  ( 1 ma l e , 2 fema l e )  i n  d e n .  
F 1 3 S u g a r l a nds M t n . 3 J U L  7 7  1 1 4 8  
2 4  J U L  8 0  1 4  4 3  La c t a t i ng .  
T n b l e  3 0  ( c o n t i n ued ) 
B e a r n o . A rea D <1 te A g e  We i g il t  ( kg )  R e p ro d u c t i ve c o n d i t i o n 
6 F E B 8 1  1 5  LIB i� i t ll 3 yen r l  i n g s  ( 2 rna I e ,  1 f e rn a I e )  i n  d e n . 
27 AUG 8 1  1 5  5 7  
2 8  F E B  8 2  1 6  7 7  W i  t t1 2 c u b s  ( 1 rna l e , 1 f e m a l e )  i n  d e n . 
F6  S u g a r l a n d s  �1 t n .  9 S E P  7 6  1 27  
2 3  AUG ilO 5 5 5  N o t  l n c t a t i ng .  
2 3  F E B  8 1  6 w i t tl 1 yea r I i n g  i n  d e n . 
MAl<  il2 7 W i t ll 3 fema l e  c u b s  i n  d e n .  
>---' li 5 6  S u g a r l a n d s  M t n . 9 AUG 7 8  1 2 0  N 
CJ) 
1 2  J U L  8 0  3 li 3 I n  e s t ru s .  
1 8  J U L  8 0  3 4 3  
2 1  fE B  8 1  lj ii i t h o u t o f f s p r i ng i n  d e n s .  
9 J U L  8 1  4 li il I n  e s t ru s . 
1 5  F E B  il2 5 W i t h 2 c u b s  ( s e x e s  u n d e t e  nn i n e d ) i n  d e n . 
2 1  R o u g h  C re e k  1 AUG 7 4  9 li B La c t a t i ng ;  2 c u b s  o b s e rv e d . 
S E P  il l  1 6  6 6  
1 2  MAR 8 2  1 7  8 6  W i t h 3 c u b s  ( 2  m a l e , 1 fema l e )  i n  d e n . 
4 0 8  Pa r s o n s  B ra nc h  Rd . 2 J U L  7 7  6 li5 La c t a t i ng .  
1 7  AUG 7 8  7 5 2  
2 1  J U N  il O  9 5 2  La c t a t i ng ;  3 c u b s  o b s e rv e d . 
3 0  J A N  8 1  1 0  W i t h a t  l e a s t  1 yea r I i n g  i n  d e n . 
T a b l e  3 0  ( c o n t i n u e d ) 
B e a r n o . A re a  Da t e  red uc t i ve c o n d i t i o n 
1 8  F F B  8 2  1 1 2 +  c u b s  re c o  nJ e d  i n  d e n . 
A P H  8 2  1 1  O b s e r·ved ., i t h 2 c u b s  o u t s i d e d e n . 
1!2 9  Pa r s o n s  B ra nc h  Rd . 6 ,J U N  7 9  lj lj J Vu l va s l i g tl t l y  S\,IO I I e n .  
2 9  f E [l  8 0  5 2 +  c u b s  rec o rd e d  i n  d e n . 
2 1  J U N  80 ') 5 0  La e t a  t i n �l ; 2 c u b s  o b s e rved . 
3 0  J A N  8 1  6 H i  t il a t  l e a s t  1 ye a r I i n g  i n  d e n . 
�i J U N  8 1  6 
1 8  � l B  13 2  7 1 +  c u b  rec o  nl e d  i n  d e n .  
....... 
N A PH 8 2  7 O b s e rved ., i t h o n e  c u b  a .,a y f rom d e n . "-.J 
IJ 2 1  Pa r s o n s 13 ra nc h  Hd . 1 0  A U G  77 2 3 1J 
2 9  J U N 7 8  3 4 3  I n  e s t ru s .  
3 1  MAR 7 9  l j  E a r l y  d e n  eme r g e n ce . 
2 2  J U N 7 9  lj  5 1  
2 0  J U L  7 9  lj 1� 8 I n  e s t ru s .  
1 9  t1AR 8 0  ') 2 +  c u b s  re c o  r·d e d  i n  d e n ;  1 s t I i t  t e  r· . 
1 6  J U N 8 0  5 4 5  La c t a t i ng . 
2 9  J AN 8 1  6 W i t /1 a t  I e a s t  2 ye a r I i ng s i n  cJ e n . 
1 8  A U G  8 1  6 5 0  
IJ t�A H  8 2  7 7 3  W i t 11 2 c u b s  ( 1 ma l e ,  1 fema I e )  i n  d o n . 
J U N  8 2  I O b s e rved ., ; t h  1 c u b . 
T a b l e  3 0  ( c o n t i n u e d ) 
B e a r n o . A rea Da t e  A g e  We i g h t  ( kg )  R e p ro d u c t i ve c o n d i t i o n 
1+ 2 11 Pa r s o n s  B ra n c h  Rd . 1 0  AUG 7 9  7 11 3 La c t a t i n g .  
3 0  AUG 80 8 6 4  
24 MAY 8 1  9 La c t a t i n g ;  2 c u b s  o b s e r'ved . 
11 MAR 8 2  1 0  A b a n d o n e d  d e n ;  ye a r l i n g s  s u s p e c t e d . 
LJ LI 2 Pa r s o n s  B ra nc h  Rd . 5 AUG 7 6  5 5 11 I n  e s t ru s .  
2 6  J U L  8 0  8 6 0  S l i g h t l y  swo l l e n v u l va .  
5 MAR 8 1  9 3 +  c u b s  re c o r d e d  i n  d e n .  
,_. ljLIO Pa r s o n s  B r·a n c h  Rd . 5 S E P  7 8  3 11 5 
N 
co 3 1  MAR 7 9  4 2 +  c u b s  r·e c o  rd e d  i n  d e n ;  1 s t I i t  t e  r .  
1 0  J U L  80 5 4 9 I n  e s t r u s .  
1 9  F E B  8 1  6 2 +  c u b s  reco r d e d  i n  d e n . 
3 0 5  T e  I I i c o ,  CN F 2 11 J U N 7 8  6 5 6  L a c ta t i n g ;  1 c u b  o b s e rved . 
24 A U G  7 8  6 118 La c t a t i n g .  
1 5  �1AR 7 9  7 W i t h 2 ye a r l i n g s  i n  d e n . 
1 3  J U L  7 9  7 5 0  
1 2  AUG 8 1  9 5 5  
1 8  MAR 8 2  1 0  W i t h 3 c u b s  ( 2  m a l e , 1 fema l e )  i n  d e n . 
3 0 6  Te I I i c o ,  CN F 2 5  J U N 78 3 4 2  
1 3  A U G  7 8  3 3 6  
! a b l e  3 0  ( c o n t i n ued ) 
B e a r no . A r'e a Da t e  A g e  We i g h t  ( kg )  R e p ro d uc t i ve c o n d i t i o n 
1 11 �lAH 7 9  lj W i  t t1 0 u t  o f f s p r i n g i n  d e n . 
1 1 J U N  7 9  4 11 1 
26 MAR 80 5 3 +  c u b s  reco r'd ed i n  d e n ; 1 s t I i t  te r .  
1 11 J U L 8 0  5 5 2  L a c t a t i n g ;  2 c u b s  o b s e rved . 
2 1J F E B 8 1  6 1-i i t t1 a t  l e a s t  1 yea r· l i n g i n  d e r 1 . 
1 5  AUG 8 1  6 5 9  
1 9  �1AH 8 2  7 n w i t tl 3 c u b s  ( 1 ma l e ,  2 fema l e s )  i n  d e n . 
3 2 6  Te I I i c o ,  C N F 7 J U N -/ 9 1 1 4  
f-' 
f'V 26 J U N 8 0  2 4 1  U) 
2 5  fE B 8 1  3 W i t h o u t  o f f s p r i n g i n  d e n . 
24  F E B  8 2  II 1 +  c u b  rec o rd e d  i n  d e n ;  1 s t I i t  t e  r' . 
1 8  MAH 82 lj 1 c u b  o b s e rved . 
AP P END I X  E 
Ta b l e  3 1 . S ummary o f  d i s c r i m i n a n t  a n a l y s i s  p r oced u r e  f o r  the  
c l a s s i f i c a t i o n  o f  i n d i v i dua l c ubs  u s i n g  t h e  v ar i ab l e s  
1 st f o rm a n t  a n d  c h a n g e  i n  t i me o f  2 n d  f o rm a n t  o f  c ry i n g 
v o c a l i za t i o n s  r e c o rded fo re e a r  t a g g i n g . 1 
V o c a l i z a t i o n s  
f rom c u b  n o .  
1 2  
1 7  
2 1  
5 1  
5 4  
T o t a  1 







1 3  
V oc a l i z a t i o n s  c l a s s i f i ed i n to  c u b  n o . : 
1 2  1 7  2 1  5 1  5 4  
1 0 0 2 0 
3 3 . 3% 0 . 0% 0 .  6 6 . 7% 0 . 0% 
0 2 0 1 0 
0 . 0% 6 6 . 7% 0 . 0% 3 3 . 3% 0 . 0% 
0 0 1 2 0 
o .  o% o .  o% 3 3 . 3�� 6 6. n6 o .  O% 
0 0 0 2 0 
0 . 0% 0 . 0% 0 . 0% 1 00 . 0% 0 . 0% 
0 0 0 0 2 
0 . 0% U . C% 0 . 0% 0 . 0% 1 0 0 . 0% 
1 2 1 7 2 
1 . n6 1 5 . 4�6 7 . 7?6 5 3 . 8�6 1 5 . 4% 
0 . 2 3 1  0 . 2 3 1  0 . 2 3 1  0 . 1 54 0 . 1 54  
1T ota l p e r c e n ta g e  c o r r e c t l y  c l a s s i f i ed v o ca l i za t i o n s  6 1% 
( 8  o f  1 3 ) . 
1 30 
T a b l e 3 2 . S umma ry o f  d i s c r i m i n a n t  a n a l y s i s p ro c e d u re fo r t h e  
c l a s s i f i c a t i o n o f  i nd � v i d ua l c u b s  u s i n g  t h e  v a r i a b l e s  
1 s t  f o rma n t  a n d  2 n d  f o rma n t  o f  c ry i n g  v o ca l i z a t i o n s  
recc rded  a ft e r  e a r  t a g g i n g . " 
Voca l i za t i o n s  
f rom c u b  n o . N 
1 2  
5 1  3 
5 2  2 
5 5  2 
T o t a l  1 1  
P r i o r  rob . 
3 
7 5 . 0�& 
1 
3 3 . 3% 
0 
0 . 0% 
0 
0 .  O�b 
4 
3 6 . 4.% 
0 . 36 4  
0 1 0 
0 .  0�6 2 5 . 0�� 0 . 0% 
0 1 1 
0 . 0% 3 3 . 3% 3 3 . 3% 
0 2 0 
0 . 0% 1 0 0 . 0% 0 . 0% 
0 0 2 
0 . 0% 0 .  O�b 1 0 0 . o�,; 
0 4 3 
0 .  0�6 36 . 4% 2 7 . 3% 
0 . 2 7 3  0 . 3 64  0 . 27 3  
l Tota l p e r c e n ta g e  o f  c o r re c t l y  c l a s s i f i ed v oc a l i z at i o n s = 6 3 . 6% 
( 7  o f  1 1 ) . 
1 3 1  
Tab l e 3 3 .  S ummary o f  d i s c r i m i n a n t  a n a l y s i s  p r o c  re fo r t h e  
c l a s s i f i c a t i o n o f  l i t t e r s  u s i n g  t h e  v a r i a b l e c h a n g e  i n  
t i me o f  t h e  2 n d  rma n t  o f  c ry i ng v o c a l i za t i o n s  r e c o rded 
b e f o r e  ear  i n g .  1 
Voc a l i z at i o n s  
from l i tt e r  n o . N 
V o ca l i z a t i o n s  c l a s s i f i ed i n t o  l i tt e r  n o . : 
F2 1 2 1  42 1 5 1 4  5 1 9  
F2 1 3 
2 1  3 
4 2 1  3 
5 1 4  3 
5 1 9  3 
T ota l 1 5  
P r i o r  p rob . 
0 2 1 
3 3 . 3�& 
0 
0 . 0% 
0 
0 . 0% 0 . 0% 6 6 . 7% 
0 2 
0 . 0% 6 6 . 7% 
0 1 
0 
0 . 0% 
2 
0 . 0% 3 3 . 3% 66 . 7% 
1 
3 3 . 3% 
0 
o .  o�c; 
0 1 1 1 
0 . 0% 3 3 . 3% 3 3 . 3% 3 3 . 3% 
1 1 0 1 
3 3 . 3% 3 3 . 3�& 
2 
1 3 . 3% 
0 . 20 0  
5 
3 3 . 3% 
0 . 20 0  
o . o�;; 3 3 . 3�� 
3 
20 . o�c; 
0 . 2 0 0  
3 
2 o . m; 
0 . 2 0 0  
0 
0 . 0% 
0 
0 . 0% 
0 
0 . 0% 
0 
0 . 0% 
2 
1 3 . 3�;; 
0 . 200  
1 Tota l p e rc e n ta g e  of  c o rrect l y  c l a s s i f i ed v o c a l i za t i o n s = 40 . 0% 
( 6  o f  1 5 ) .  




T a b l e  3 1L Summa ry o f  d i s c r i m i n a n t  a n a l y s i s  p ro c ed u re fo r t t1e c l a s s i f i c a t i o n o f  I i t t e r s u s i n g t h e  v a r i a b l e  
1 s t fo rm a n t  o f  c ry i ng v o c a l i z a t i o n s  re co r d e d  d u r i n g e a r t a g g i ng . 1 
V o c a l i z n t i o n s  
f r-o m I i t t e r n o . 
F2 1 
F 6  
2 1  
1! 2 1  
4 7 6  
L1 8 7 
5 1  lj 
5 1 9  
T o t a l 
P r i o r  p r o b  
No . o f  V o c a l i zn t i o n s  c l a s s i f i e d i n t o  I i t t e r n o . :  









3 7  
5 
7 1 . Lj% 
3 
7 5 . 0% 
II 
1 0 0 . 0% 
2 
6 6 . 1 % 
2 
5 0 . 0 % 
1 
2 5 . 0% 
0 
0 . 0% 
3 
60 . 0 % 
2 0  
51L 1 % 
0 .  1 8 9 
0 
0 . 0% 
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1 187  
2 
2 8 . 6 % 
0 
0 . 0% 
0 
0 . 0% 
0 
0 . 0% 
0 
0 . 0% 
3 
7 5 . 0% 
1 
1 6 . 7 % 
1 
20 . 0% 
7 
1 8 . 9% 
0 .  1 0 8 
5 1 11 
0 
U . O% 
2 5 . 0% 
0 
0 . 0% 
1 
3 3 . 3 % 
1 
2 5 . 0% 
0 
0 . 0% 
lj 
1 6 . 7 % 
1 
2 0 . 0% 
8 
2 1 . 6% 
() . 1 6 2 
5 1 9  
0 
0 . 0% 
0 
0 . 0% 
( )  
0 . 0% 
0 
U . U% 
0 
0 . 0% 
0 
0 . 0% 
1 
1 6 . 7% 
0 
0 . 0% 
1 
2 .  7 % 
0 . 1 3 5 
l e  3 5 . S umma ry o f  d i sc r i m i n a n t  a n a l y s i s p ro c ed u re fo r t h e  
c l a s s " f i c a t i o n  o f  l i tt e r s  u s i n g  t h e  va r i a b l e l st f o rm a n t  
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( 1 3 o f  1 8 ) . 
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V I TA 
W i l l i am Gregory Wathen , son  of B i l l  a nd Peggy Wa the n ,  
was born at Scott Ai r Force Ba se , B e l l ev i l l e ,  I l l i n o i s ,  on  5 
February 1 9 5 7 . He  atte nded Father  Rya n  H i gh Schoo l i n  
Nashv i l l e ,  Ten ne s see , a nd graduated i n  1 975 . I n  1 979 , h e  
g raduated from t h e  U n i ve rs i ty of  Te n n e s se e  at Mart i n  w i th a 
Bache l or o f  S c i e n ce  degree  i n  Natura l Resources  Ma n ageme n t . 
I n  J u l y  o f  1 980 , he  began  work i n  the  graduate p ro g ram  o f  the  
Departmen t  of  Fore stry , W i l d l i fe ,  a n d  Fi s h e r i e s , U n i vers i ty 
o f  Ten n e s see , Knoxv i l l e .  H e  rec e i ved h i s Ma ster  o f  S c i e � c e  
degree i n  J u n e  1 983 . 
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